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OON after the discovery of the potent anti- 

tuberculosis effect of the isoniazid drugs in 
laboratory animals in 1951, a number of reports 
appeared ibing their value in patients with 
pulmonary tuberculosis..* Emergence of drug- 
resistant tubercle bacilli, or indication of such a 
phenomenon, was not reported in those studies al- 
though observations soon became available demon- 
strating that increased bacterial resistance to the 
drugs taay appear rapidly during therapy with 
either isoniazid or iproniazid alone.“ The relative 
frequency and consistency of this phenomenon 
during isoniazid therapy have recently been con- 
firmed by large and carefully controlled stud- 
ies. However, uncertainty still exists regarding 
the clinical significance of the development of iso- 
niazid-resistant tubercle bacilli, and definitive in- 
formation is needed concerning the relation of 
slight or higher degrees of bacterial resistance to 
the patients’ clinical course. Investigation of this 
particular question is the subject of the present re- 
port. 

Marerias AND MetHops 


The 43 patients with whom this report deals are 


derived from an original group of 55 started on 


therapy with isonicotinic acid hydrazides (INH) ““ 

in a co-operative study. Participants in the study 

included Trudeau Sanatorium, Ray Brook State 

Tuberculosis Hospital, Sanatorium Gabriels, Vari- 

ety Clubs-Will Rogers Hospital and Stony Wold 
From the Trudeau Sanatorium and Trudeau Laboratory of the Trudeau 
tAssistant medical director, Trudeau Sanatorium. 
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Sanatorium, as well as 5 physicians in private prac- 
tice. Most of the work on bacterial resistance was 
carried out by the Trudeau Laboratory of the 
Trudeau Sanatorium and Foundation; important 
contributions were also made by the laboratories 
of Ray Brook State Tuberculosis Hospital, Variety 
Clubs-Will Rogers Hospital and Stony Wold Sana- 
torium. 

Twelve patients were lost from the original 
group. Seven died in the fourth to tenth weeks of 
therapy. Of these, 1 had signs of meningitis in the 
fourth week and quickly succumbed; permission 
for autopsy was not obtained. One died of right- 
sided heart failure in the sixth week of treatment. 
One patient had a fatal hemorrhage following a 
long and difficult pulmonary resection. Another 
patient in good general clinical condition with 
moderately advanced pulmonary tuberculosis died 
suddenly after ten days of iproniazid therapy; no 
ascertainable cause of death could be found at au- 
topsy. The remaining 3 died of complications as- 
sociated with advanced tuberculosis. 

Four patients were not included because of the 
addition of other chemotherapeutic agents before 
the completion of sixteen weeks of INH therapy, 
and 1 was omitted because he left the sanatorium 
against advice. 

The remaining 43 completed at least 16 weeks of 
uninterrupted therapy, 27 on isoniazid§§ and 16 on 
its isopropyl derivative, iproniazid. I The dosage 
used was 4 mg. per kilogram of body weight, 
averaging 200 to 300 mg. a day by mouth. Close 
clinical and laboratory contact was maintained 
with each patient throughout the period of treat- 
ment. Clinical examinations were made at intervals 
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of a week, or more frequently. Complete blood 
counts, sedimentation rates and urinalyses were 
done first at intervals of a week and later every 
two weeks. Screening blood urea nitrogen and thy- 
mol turbidity tests were performed before treat- 
ment and as indicated thereafter. 

Stereoscopic posteroanterior chest films and 
body-section films of cavity areas were made be- 
fore treatment in each case, with repeat examina- 
tions at two-week and six-week intervals respec- 
tively. 

Seventy-two-hour sputum samples were ob- 
tained from each patient before treatment and at 
weekly intervals fter. After weighing, the 
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than 50 colonies appeared in each of the two con- 
trol tubes, we subcultured a representative sample 
of the colonies in liquid Tween-albumin medium, 
and tested the resultant pure culture by planting a 
double loopful on tubes of solid medium containing 
the same drug concentrations as those used for the 
direct test. 

Criteria for selection of patients for this study 
were failure to improve on conventional forms of 
therapy, including streptomycin and PAS, and 
cavitary cases with positive sputums that might be 
anticipated to provide a continuing source of ba- 
cilli. The latter criterion was chosen to afford ade- 
quate ‘material for observations on the development 


Taste I. Background Data of INH Treatment Groups before Start of Therapy. 
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sputum specimens were digested with sodium 
hydroxide and concentrated according to the tech- 
nic routinely used in the Trudeau Laboratory. 
From this material smears and cultures were made. 
The smears were stained by the Ziehl-Neelsen pro- 
cedure, and duplicate slides examined for ten min- 
was indicated as ſollows: 


Although it is realized that 
not a com 1 
the number of bacilli in a specimen, it is believed 
that serial determinations on seventy-two-hour 
sputum samples, all carried out with a uniform 
technic by the same experienced technicians, indi- 
cate definite trends in the bacillary content. 

We made cultures by planting the material thus 
obtained from the sputum on American Trudeau 
Society solid egg-yolk, potato, glycerin medium 
and made direct drug-sensitivity tests at the same 
time, as previously described,“ by planting equal 
amounts on tubes of the same medium containing 
graded concentrations of the drugs. For isoniazid, 
concentrations of 0.2, 1.0, 5.0 and 10 microgm. per 
cubic centimeter and for iproniazid, concentrations 
of 2.5, 10, 30 and 100 microgm. per cubic centi- 
meter were used. The amount and rapidity of ap- 
pearance of growth in the tubes of drug-containing 
medium was then compared with that in the con- 
trol tubes of plain medium. In the event that less 


of bacterial resistance to these compounds—a basic 
aim of the investigation. 

Thus, the group comprised a selected population 
of patients with predominantly chronic, cavitary 
disease, the majority of whom had had p 
treatment with streptomycin and PAS, and often 
collapse therapy as well. Table 1 shows that far- 
advanced disease was present in about 80 per cent 
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of the entire group of 43 patients at the start of 
treatment. A similar percentage of patients over 
the age of thirty-five indicates that the eg ma 
were considerably older than those usually en- 

countered in a sanatorium population. Comparison 
of the background factors in the isoniazid and 
iproniazid groups reveals them to be quite similar 
in age, extent of disease and size of cavities before 
treatment. General clinical condition, however, 
was not as good in the isoniazid group, 52 per cent 
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of these patients being considered in poor con- 
dition before treatment, as opposed to 38 per cent 
of those treated with iproniazid. 


Curmicat Resutts or THERAPY 


Since our main interest at present is the problem 
of the development of bacterial resistance and its 
clinical implications, results of therapy are con- 
sidered only briefly. 

First, as noted by others, 10 general clinical im- 
provement was the most striking and consistent 
change observed during treatment. Increased ap- 
petite, steady weight gain, decrease in cough and 
sputum, and improvement in general well-being 
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had elapsed, and sputum bacillary counts reverted 
to previous levels in 14 (Table 3). 

Results of therapy with isoniazid and iproniazid 
in this group were closely similar, except for gen- 
eral clinical improvement, in which iproniazid was 
definitely superior. 


Emercence or Druc-Resistant Orcanisms 

A graphic representation of the bacteriologic and 
drug-sensitivity status of all patients during each 
week of therapy is presented in Figure 1. Percent- 
ages are based on the entire group of 43 patients. 
The “resistant” area includes all patients whose 
organisms demonstrated increased drug resistance, 
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were prominent features, particularly in the pa- 

tients treated with iproniazid, 65 per cent ov 
whom gained more than 11 pounds, as compared 
with only 15 per cent of those treated with iso- 
niazid. This appears particularly significant when 
it is realized that many of these patients had been 


Bacteriologic Response and “Relapse” under Treatment 
— in 43 Patients during Sixteen Weeks of INH Therapy. 


Bacreariotocic Finpine No. or Pea- 
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Reversion to previous status 14 33° 
— conversion by culture x 19 
jon to positive culture 17 

4 % of 29 cases. 


losing weight steadily before the start of treatment. 

Radiographic changes were, on the whole, un- 
impressive. Diminution in cavity size was the con- 
monest form of improvement, but was often only 
transient. The cavity disappeared in only 4 pa- 
tients; of these, the cavity remained closed in only 
1 during the period of treatment. Table 2 sum- 
marizes these results. 

Twenty-nine (67 per cent) of the 43 patients ex- 
hibited a decrease of 4 or more Gaffky units in the 
bacillary count of concentrated sputum smears, 
sustained for two weeks or more, but only 8 speci- 
mens (18 per cent) converted to negative on cul- 
ture. Furthermore, the “bacteriologic relapse rate” 
was high; 3 of the 8 that had converted to negative 
on culture became positive before sixteen weeks 


according to one of the following three classifica- 

whose cultures showed growth comparable to or 

only slightly less than the control in the lowest con- 


centrations used — namely, 0.2 microgm. of isonia- 


PERCENTAGE 
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WEEKS OF TREATMENT 


Fung 1. Sputum Bacteriology and 
tients During Sixteen Weeks of INH Therapy. 


The heavy black lines separate the percentages of “resistant,” 
sensitive and negative cultures respectively. 


zid or 2.5 microgm. of iproniazid per cubic centi- 
meter; “intermediate resistance,” denoting cultures 
that showed growth comparable to or only slightly 
less than the control in tubes containing 0.2 and 1.0 
microgm. of isoniazid or 2.5 and 10 microgm. of 
iproniazid per cubic centimeter, without significant 
growth in higher concentrations; and “high resist- 
ance,” which consists of all cultures showing 
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growth as above, with the addition of ++ growth 
or greater in 10 microgm. of isoniazid or 100 
microgm. of iproniazid per cubic centimeter. In all 
but 2 cases, in which significant growth appeared 
in the tubes containing 2.5 microgm. of iproniazid 
per cubic centimeter, all cultures were completely 
sensitive before the start of therapy. Organisms 
from each of these 2 patients demonstrated increas- 
ing resistance during treatment, and are included 
in Figure 1 in the appropriate classification. 
Several important facts are indicated by these 
data. In the first place, bacilli with increased resist- 
ance to INH drugs appeared in a high percentage 
of these patients, reaching 80 per cent after four- 
teen weeks of treatment. Secondly, increased re- 
sistance made its first appearance as early as the 
third week of treatment, with the incidence in- 
creasing sharply up to the twelfth week. Finally, 


Tape 4. Bacteriologic and itivity Status of 42 Patients at the 
ixteenth Week of INH Therapy. 
Sensitivity Status No. or Pea 
Casgs CENTAGE 
Revita 
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the patients whose cultures continued to be sensi- 
tive and those whose cultures were negative at the 
end of sixteen weeks of therapy were few—9.5 per 
cent (4 patients) and 11.9 per cent (5 patients), 
respectively (Table 4). 


ConnkLATION oF CLinicaAL Course wrrn 
Emercence or Druc-Resistant ORGANISMS 


Loss of drug effect from a radiologic standpoint 
was considesed to have occurred when either in- 
filtration or cavity size definitely increased and, 
from a bacteriologic point of view, when cultures 
reverted to positive, or sputum bacillary count to 
previous levels, after an initial decline. Either one 
or both of these events had occurred in 28 (67 per 
cent) of the total of 43 patients by the sixteenth 
week of therapy. 

Table 5 presents data on drug-sensitivity status 
at the time that radiologic or bacteriologic deterio- 
ration occurred in this group of patients. At this 
point in therapy, bacilli with increased resistance to 
iproniazid or isoniazid were recovered from 23 (83 
per cent) of these 28 patients, 8 (29 per cent) of 
whom showed only “slight” resistance; the remain- 
ing 15 (54 per cent) were divided approximately 
equally between “intermediate” and “high” degrees 
of resistance. 

From a clinical standpoint, the correlation with 
laboratory findings was often striking. Abrupt rise 
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of the sputum bacillary count, often accompanied 
by enlargement of cavity, frequently followed with- 


ganisms. Many of these patients had shown steady 
improvement under therapy up to this point. 
Observation of individual cases yielded the 
distinct impression that the lesser degrees of re- 
sistance were clinically important in some. Sup- 
port for this belief was afforded by the occurrence 


Taste 5. INH Sensitivity Status at Time iologic or 


Sensitivity Status No. 
Cases CENTAGE 
8 29 


of radiologic or bacteriologic deterioration in 8 
cases whose organisms had developed only slight 
INH resistance. 

Five patients (17 per cent) of this group showed 
roentgenographic or bacteriologic deterioration 
with bacilli still sensitive to INH. However, in con- 
trast to those with resistant organisms, this un- 
favorable event was usually followed by prompt 
and objective evidence of improvement. Among 
those with resistant organisms at the time of de- 
terioration, further improvement in chest films or 
bacteriologic findings was rarely observed. In spite 
of this, symptomatic benefit was generally main- 
tained. An example of this situation is provided by 
Case 1, in which hemoptysis just before the start of 
isoniazid therapy was probably responsible for the 
evidence of increased infiltration during the second 
week. Two other case histories are detailed to il- 
lustrate some of these points. 


Case Reports 


Case 1. M. O'M., a 50-year-old nurse with a 12-year history 
of progressive pulmonary tuberculosis, was admitted to the 
sanatorium for the 3d time in July, 1950. Examination showed 
far-advanced disease with bilateral cavities, marked emphy- 
sema and extreme dyspnea. One cavity on the right closed 
after 3 months’ treatment with streptomycin AS. The 
patient was otherwise uniaproved, except for less 
after 16 months’ streptomycin-PAS treat- 
ment and 14 mon neumoperitoneum. 

January 18, 1922, isoniazid in a dosage of 4 
ight (total of 150 mg. a day) was 

t remained large. There 


per 
to streptomycin and highly resistant to 


te and 
patient weighed 84% 


and 


in two weeks the first appearance of resistant or- 


* 


1084 
pounds (her height was 5 feet, 4% inches). 

The clinical response is shown in Figure 2. The disease on 
the left increased in the 2d week but later cleared. Another in- 
crease in infiltration in the 6th week failed to clear. There was 
improvement in appetite MM well-being and a 2 
weight gain in 13 weeks. The cough and the amount of spu- 
tum were markedly reduced. The sputum became Gaffky nega- 
tive in the 4th week (for the first time in 18 months); resist- 
ance appeared on the 26th day, and the Gaſſky count of the 
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returned the lIth week. Side effects included 
— — gh the fingers and toes, anesthesia of the 
urethra and dizziness 


By the 16th week ‘there was slight clinical improvement with 
4 regression to the status before treatment. The patient 


WEEKS OF TREATMENT 
a 2 2 


Ficure 2. Clinical Data 1 1 * Weeks of INH Therapy 
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This case illustrates early emergence of drug- 
resistant organisms in a patient with extensive 
caseocavitary disease. Appearance of organisms 
with only slight“ resistance to isoniazid was shortly 
followed by reversion of sputum bacillary counts 
to initial levels after a period of definite benefit. 
Radiographically, this patient showed progression 
of disease (during the third week of treatment), 
which then cleared rapidly; this was regarded as 
possibly representing extension that had occurred 
during a hemoptysis immediately before the start 
of therapy. A second increase in infiltration ap- 
peared during the sixth week and failed to clear 
significantly. 


Case 2. A. M., a 26-year-old woman, had had bilateral, 
cavitary pulmonary tuberculosis for 4 years that had 
on home care and intermittent streptomycin and PAS 
May, 1951, she was admitted to the sanatorium with multi- 
ple cavities and in poor condition. There was no improvement 
on 9 months of bed rest, 7 months of continuous streptomycin 
anuary ipron mg. per am 
| of 150 mg. a day) was . There 
was a moderate amount of cough and 2 which had a 
Gaffky count of ix. The bacilli were ly resistant to 
tomycin and PAS. The patient weighed 9 93 pounds (her 
height as 5 was 5 feet), and was in poor general condition. 
clinical response is shown in Figure 3. There was 
5-pound weig in in 9 weeks and sputum 5 
were 22 * and the Gaffky count declined to 
th week; bacterial resistance appeared on the 4th 8 y. 
"netted infiltration in the chest film during the 10th 
increased and appetite was less in the Ith week. 
a isms, the Gaffky 
ide effects included 
ild muscle twitching. 
week the patient’s general status was 


improved and radiologically 


intermediate resistance to ison 


EMERGENCE OF DRUG-RESISTANT ORGANISMS — COATES ET AL. 


1085 


This patient showed a striking response in all re- 
spects to INH therapy. Deterioration during the 
8th to 12th weeks of treatment was therefore con- 
spicuous and, from a radiographic standpoint, was 
coincident with the appearance of organisms with 
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Ficure 3. Clinical Data * Weeks of INH Therapy 
in 2. 


only slight increase in resistance to INH, and bac- 
teriologically with a reversion of sputum bacillary 
counts to previous high levels. 


Case 3. 4 Q., a 34-year-old man, had a 17-year history of 
progressive 12. pulmonary tuberculosis. Thoraco- 
plasty had been performed on the right in 1939. Cavitary dis- 
ease had 3 on the = — 1948. There was no im- 
provement = streptomycin and tibione. 

On May 1980, the the patient was admitted to the sana- 
left apex. He failed to im- 
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Ficure 4. Clinical Data during Sixteen Weeks of INH Therapy 
in Case 3, 
prove on bed rest for 20 months, pneumoperitoneum for 8 
months and Monaldi drainage, streptomycin and PAS, terra- 
mycin and oxygen for 8 months. 
On January 18, 1952, isoniazid (4 mg. kilogram of body 
beginning return of symptoms. Bacilli were hi resistant to ties u persisted. There was profuse sputum 
iproniazid. (Gaffky count of ix); the bacilli were highly resistant to strep- 


The data in this case demonstrate a clear-cut loss 
of drug effect both radiographically and bacterio- 
logically approximately three weeks after the first 
appearance of INH-resistance. At the time these 
unfavorable events occurred, bacilli obtained from 
the sputum were showing intermediate resistance to 
isoniazid. 


Discussion 


Although clinical improvement under therapy 
with isoniazid and particularly iproniazid used 
alone is striking, the rapid emergence of resistant 
organisms and their clinical implications in this 
group of patients indicate the importance of drug- 
sensitivity studies for evaluation of antitubercu- 
losis agents. Once again, the case selection for the 
present study must be emphasized. Patients were 
deliberately chosen as those most likely to provide 
continuing positive sputum for study, 
the resultant group being composed largely of pa- 
tients with chronic, advanced, cavitary tubercu- 
losis. If streptomycin alone had been used in such 
a group, resistant organisms would likewise have 
appeared rapidly and consistently. Greater INH 
effectiveness in more recent disease was demon- 
strated in a most interesting way by prompt clo- 
sure of relatively new cavities in 2 patients whose old 
* remained unchanged during therapy. 

The magnitude of the problem of increased 
bacillary resistance to INH in these patients may be 
appreciated if one recalls that 80 per cent of the 
whole group exhibited organisms with increased re- 
sistance to INH by the end of fourteen weeks of 
therapy. These results compare fairly closely with 
those in similar groups reported elsewhere. 0-12, 10, 10 
Furthermore, data available on some of these pa- 
tients up to six months after treatment was dis- 
continued, indicate that resistance to the INH 
drugs persists after termination of treatment, un- 
like the often transient nature of resistance to PAS. 

Experience with this group of patients appears 
to confirm the impression that the emergence of 
INH-resistant organisms has important clinical im- 
plications. This is shown not only by the absence 
of radiographic or bacteriologic improvement in 
most patients with drug-resistant organisms but 
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also by actual deterioration in a high percentage. 
As in the early days of streptomycin treatment, on- 
set of bacterial resistance was often associated with 
bacteriologic relapse and with enlargement of cavity. 
Similar reports of frequent relapse during isoniazid 
therapy, associated with the appearance of 
INH-resistant organisms, are now accumulating 
rapidly. 

From a practical standpoint, the level of in- 
creased bacillary resistance to INH that results in 
loss of drug effect clinically is of considerable im- 
portance. Evidence that small degrees of bacterial 
resistance to INH are often significant may be 
summarized as follows: 


Cases of abrupt rise in sputum bacillary 
counts, often accompanied by unfavorable roent- 
genographic change, occurred in 8 patients after 
the emergence of bacilli with only “slight” INH 
resistance. 

Analysis of individual cases reveals a close 
time relation in many cases between development 
of slight degrees of bacterial resistance to INH 
and occurrence of deterioration. 

With few exceptions, significant bacteriologic 
or radiologic improvement failed to occur after 
organisms with any degree of increased rr re- 
sistance had appeared in the sputum. 


It is interesting that general clinical condition did 
not, as a rule, follow the pattern of the more ob- 
jective radiographic and bacteriologic deterioration. 
Weight gain and sputum decrease, in particular, 
were often maintained in spite of actual progression 
in the chest film, and of reversion of bacillary counts 
to high levels. By the end of six months of therapy, 
although most patients with initial benefit had re- 
verted to their status before treatment so far as 
radiograph. appearance and bacteriology were con- 
cerned, general clinical status was usually defi- 
nitely improved over that at the start of therapy. 
Such an improvement is often of considerable value, 
even though more lasting benefit on the disease is 
not anticipated. 

The frequency and clinical significance of the 


emergence of bacterial resistance in this group em- 


phasizes the limitations of INH drugs when em- 
ployed alone in this type of case. When planning 


therapy, one should give careful consideration to 


early measures for collapse or excision of cavities, 
since there is evidence that, as when streptomycin 
is used alone, persistence of sources of multiplying 
bacilli will lead to rapid emergence of drug-resistant 
organisms and consequent loss of drug effectiveness. 
Combinations of either isoniazid or iproniazid with 
other agents are currently under study at this insti- 
tution and elsewhere, and observations to date in- 
dicate that their usefulness will be considerably 


1086 22 ö 
in and PAS. Appetite and general condition were fairly 
good, although marked dyspnea was present. 
The clinical response is shown in Figure 4. A clear-cut re- - 
duction in cavity size occurred in the 6th week but the cavity 
returned to its pretreatment size by the 12th week. There was 
a slight increase in appetite and well-being and a weight gain 
of 4 pounds in 12 weeks. The cough and amount of sputum 
were markedly reduced. The Gaffky count fell to ii in the 6th 
week during which drug-resistant organisms appeared, and 
rose to viii by the IIth week. Side effects included hyper- 
reflexia, insomnia and paresthesias. In the 15th week a severe 
purpuric rash appeared on the lower extremities, associated 
with hemoptysis, necessitating discontinuance of treatment. 
Therapy was later resumed without serious recurrence. 
At the 16th week the patient was practically unimproved 
t for less cough and expectoration. The bacilli were 
highly resistant to isoniazid. 
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extended by virtue of the postponement or preven- 
tion of the emergence of resistance. 15,15 


SuMMARY 


The clinical course of 43 patients under treat- 
ment with the hydrazides of isonicotinic acid (27 
on isoniazid and 16 on iproniazid) was studied with 
particular attention to its relation to the emergence 
of drug-resistant tubercle bacilli. 

The patients represented a selected group of pre- 
dominantly far-advanced cases of chronic, cavitary 
tuberculosis. 

Emergence of increased bacterial resistance to 
isoniazid or iproniazid appeared as early as the 
fourth week of therapy, and by the fourteenth 
week 80 per cent of the group yielded cultures show- 
ing increased resistance in vitro. 

Loss of drug effect, as indicated by reversion of 
sputum bacillary counts to previous high levels, or 
by unfavorable radiographic changes, occurred dur- 
ing therapy in 28 of 43 patients. In most cases such 
an event was preceded by, or coincident with, the 
appearance of drug-resistant organisms in the 
sputum. 

Results in this group of patients suggest that the 
appearance in the sputum of bacilli with only slight 
degrees increased drug resistance may be as- 
sociated with roentgenographic or evi- 
dence of loss of drug effect. 

General clinical improvement, which was stiik- 
ing in most cases, was often maintained in spite of 
radiographic or bacteriologic deterioration. 

Isoniazid drugs in this type of case may be of use 
in conjunction with collapse or excision of cavitary 
disease, and in combination with other chemo- 
therapeutic agents. 
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N a recent study it was found that the incidence 
of pulmonary embolism was reduced in hospital 
patients who wore elastic stockings as compared 
with those who wore nonelastic stockinette through- 
out their hospital stay.§ The explanation offered 

(not in volume) of blood flow in the leg veins of 
*From the Robert Dawson Evane Memorial, Massachusetts Memorial 
the Department of Medicine, Boston University School of 
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those who wore elastic stockings. The acceleration 
of flow was assumed to result from a reduction in 
the caliber of the veins when they were compressed 
by the elastic stockings. This acceleration of ve- 
nous flow supposedly lessened the tendency to phle- 
bothrombosis in the legs, where it is known to 
originate in many cases of pulmonary embolism. 
The differences observed in the two groups were 
statistically significant but were nevertheless con- 
sidered inconclusive, both because the incidence of 
pulmonary embolism in general-hospital patients 
is low and because in many cases the diagnosis can 
be made conclusively only with autopsy evidence. 
Therefore, it was decided to continue to study the 
prophylactic value of elastic stockings against pul- 
monary embolism, but this time as a routine, not 
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an alternate-case, procedure. It was believed that 
this not only would provide more cases in less time 
but also would shed light on the feasibility and ef- 
fectiveness of the method as a standard hospital 
practice. 

Mrruob 


In the interval between the termination of the 
alternate-case study and the beginning of the 
routine study a period of ten months elapsed dur- 
ing which no stockings of any kind were used (ex- 
cept in a few private patients for whom elastic 
stockings were prescribed by the physician in 
charge). This interval then served as a control pe- 
riod for the succeeding routine (as well as the pre- 
ceding alternate-case) study. The clinical and post- 
mortem observations made before (during the al- 
ternate-case study) and afterward (during the 
routine study) were carried out during this ten- 
month interval. Thus, control data were obtained 
on 6090 admissions, in 4450 of which the patients 
were in the hospital for over twenty-four hours, 
were more than twenty years of age and were com- 
parable in all ways to the cases observed during the 
preceding and following studies on the use of 
elastic stockings. 

The study was then resumed with the routine ap- 
plication of elastic stockings to all patients over 
twenty years of age admitted to the hospital for 
over twenty-four hours. This was carried out with 
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the aid of a full-time nurse-technician* who pro- 
vided each patient on admission with a correctly- 
fitting pair of special bed-wear, knee-length stock- 
ings.— The stockings were worn by the patients 
continuously throughout their hospital stay except 
when they were bathing or changing their stock- 
ings for a fresh pair. A note was made on the chart 
each morning concerning whether the stockings 
were being worn. 

During this period of twelve months 7296 pa- 
tients were admitted to the hospital, of whom 5467 
were available for study. All types of patients, 
medical, surgical and obstetric, wore the stockings 
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except for 349 (6.3 per cent) who could not (or 
would not) wear them. Table 1 shows the reasons 
why this group of patients did not wear elastic 
stockings. These cases were nevertheless included in 
the study and the patients regarded merely as per- 
sons in whom the method failed to be applicable. 

In the ten-month interval control period there 
were 189 deaths from all causes and 103 autopsies 
(54 per cent), whereas during the ensuing twelve- 
month study period there were 178 deaths and 99 
autopsies (55 per cent). All autopsies during both 
periods were reviewed, and in the cases with any 
evidence suggesting pulmonary embolism (with or 
without infarction) it was decided whether pul- 
monary embolism was the direct cause of death 
(“fatal”) or not the direct cause of death (“non- 
fatal”). In the latter group after review of the 
clinical and pathological data it was further decided 
whether embolism was possibly contributory to 
death (“contributory”) or definitely not contribu- 
tory (“incidental”). 

In the “fatal” cases it was usually easy to make 
a decision since there was unequivocal autopsy 
evidence of a massive pulmonary embolism. When 
there was any doubt that pulmonary embolism was 
the direct cause of death, a diagnosis of “nonfatal” 
pulmonary embolism was made. In most “non- 
fatal” cases it was also easy to make a decision 
since it was obvious that the embolism definitely 
contributed to the patient’s death. However, in 
some nonfatal cases decision was difficult because 
although embolism might be deemed important it 
was considered only “possibly” contributory to 
death. Nevertheless, in all such doubtful cases the 
diagnosis of “contributory” nonfatal pulmonary 
embolism was made rather than “incidental” pul- 
monary embolism. Thus, only cases in which pul- 
monary embolism though present clearly could 


Taste 2. Relation of Pulmonary Embolism to Death. 
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have played no role in the fatal course were diag- 
nosed as “incidental.” 
RESsULTs 


Table 2 shows that the incidence of “fatal” and 
contributory “nonfatal” cases of pulmonary em- 
bolism proved at autopsy was approximately 
halved when elastic stockings were “routinely” 
used in this hospital. Thus, there were only 3 cases 
of fatal pulmonary embolism during the study pe- 
riod as compared with 7 in the control interval. 
Only 1 of these 3, however, can be regarded as an 
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actual failure of stockings. This death from “mass- 
ive” pulmonary embolism occurred in an eighty- 
four-year-old man ten days after a colectomy for 
carcinoma. Careful dissection of the veins revealed 
no thrombi in the calves or thighs, although throm- 
bi were present in the prostatic plexus and pre- 
sumably had extended to the pelvic veins and re- 
sulted in an embolism. The second fatal case was 
that of a forty-eight-year-old man with rheumatic 
heart disease and marked congestive heart failure 
who entered the hospital with phlebothrombosis 
and pulmonary infarction of which he died four 
days later. Since the stockings could not con- 
ceivably have prevented the phlebothrombosis in 
this case they cannot be said in the strict sense to 
have failed their purpose. The third case was that 
of a fifty-six-year-old woman with carcinomatosis 
originating in the stomach who died of massive 
pulmonary embolism two days after gastrectomy. 
However, with her physician’s permission, she had 
not worn elastic stockings at any time. 

It is also interesting that only 2 of the 5 patients 
in the “contributory” and only 1 of the 4 in the 
“incidental” nonfatal cases during the stocking 
study actually wore the elastic stockings. Never- 

s, all these cases of pulmonary embolism 
proved at autopsy were regarded as failures of the 
method. Thus, there were a total of 12 cases of pul- 
monary embolism proved at autopsy out of 5467 
patients studied during the period when an attempt 
was made to apply elastic stockings routinely. 
However, this compares favorably with the 21 
cases out of 4450 patients followed in the interval 
control period, since it shows that the incidence of 
all forms of pulmonary embolism, “fatal” and 
“nonfatal,” was halved during the routine stocking 
study. 


Discussion 


This study confirms and enlarges the experience 
gained in the previous study. In that series, 5426 
patients were included, half of whom were as- 
signed at random to the test group and the other 
half to the control group. Among those who wore 
elastic stockings there were no “fatal” cases of pul- 
monary embolism whereas among comparable 

control cases there were 2 “fatal” cases proved at 
autopsy. However, there were 685 “out of series” 
patients (12.6 per cent) who could not or would 
not have worn elastic stockings even if assigned to 
the group. Among these “out of series” cases there 
were 4 of “fatal” pulmonary embolism. Since only 
half of them may be considered as having really 
belonged to the control group, the total number of 
“fatal” cases among the 2713 control patients may 
be said to have been 4. This is about the same in- 
cidence of “fatal” pulmonary embolism as oc- 
curred during the ten-month interval control period 
when no stockings were used. 
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The incidence of “nonfatal” pulmonary em- 
bolism was also about the same among the “con- 
trol” cases of the previous alternate-case study as 
among the “control” cases of the ten-month inter- 
val period. Thus, if one assigns half the “out of 
series cases” in the alternate-case study to the con- 
trol group, there were in all 7 “nonfatal” cases 
among 2713 patients as compared with 15 “non- 
fatal” cases among 4450 interval patients. 

There is an important distinction to be drawn 
between the present routine study and the previous 
alternate-case study — namely, that in the present 
study no cases were considered “out of series.” That 
is to say, all cases were included, and all patients 
who could possibly wear elastic stockings were so 
equipped. As a result only 6 per cent (as compared 
with 12.6 per cent in the alternate-case study) 
wore no stockings. Even these, however, were re- 
garded in the analysis of results as in series”—that 
is, being subject to the method. It is our impression 
that as the routine practice of wearing elastic stock- 
ings in this hospital has continued, fewer and fewer 
patients are failing to wear them. This is due in 
part to acceptance by the patient but perhaps is 
due more to the realization on the part of phy- 
sicians that at least the stockings do no harm, and 
apparently do considerable good. In this connection 
it is interesting that as this article is being written 
we have just passed the 3000th additional patient 
since the end of the study reported in this paper, 
and ironically have just had our first additional 
“fatal” case of pulmonary embolism proved at au- 
topsy. This occurred in an enormously obese 
woman one week after the surgical repair of an 
umbilical hernia. During this week she hardly 
moved in bed, and never got out of it. Although the 
possibility of phlebothrombosis was considered to 
be great in this patient, she was not treated by either 
anticoagulants or venous ligation, because she 
never had any positive clinical evidence of the dis- 
ease. She died suddenly of a massive pulmonary 
embolus getting out of bed the first time. Even so, 
including this case, our incidence of “fatal” pul- 
monary embolism is running lower than a year ago. 

This case also serves to emphasize again that 
stockings cannot be expected to prevent all cases of 
pulmonary embolism, even all those originating in 
the lower limbs. Indeed, they are presumably of 
no value, and conceivably might do harm, when 
definite thrombophlebitis or phlebothrombosis is 
already present. This should be treated by anti- 
coagulants with or without venous ligation. The 
chief purpose of the stockings is to help prevent 
the formation of deep-calf thrombosis, and so to 
lessen the likelihood of proximal propagation of 
clots into the larger veins, with danger of emboli- 
zation. Obviously, they can have no influence on 
thrombosis originating in the thigh, pelvis, arms or 
heart itself. Therefore, if they are to be used, they 


1089 


must be applied routinely to all patients (except 
when definitely contraindicated), without in- 
fluencing the regular treatment of known or sus- 
pected phlebothrombosis or thrombophlebitis. De- 
spite this fact, it is our impression that the use of 
anticoaguiants and prophylactic venous ligation in 
this hospital has decreased markedly in the past 
year, during which stockings have been applied 
routinely. Although this makes the favorable results 
reported here more impressive, it is not a desirable 
situation, since it denotes an unwarranted 

ence on the elastic-stocking method, which should 
be regarded as an adjunct to, not a substitute for, 
the other measures designed to lessen the incidence 
of fatal pulmonary embolism. Thus, to prevent 
phlebothrombosis, muscular exercise, especially 
early and effective ambulation, should be used if 
possible along with elastic stockings to speed ve- 
nous flow, whereas anticoagulants should be used, 
especially in highly susceptible patients, to lessen 
the coagulability of the blood. Finally, whenever 
venous thrombosis is suspected or known to be al- 
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ready present anticoagulants with or without ve- 
nous ligation should be considered the treatment of 
choice. 


SumMary AND ConcLusIONS 


Elastic stockings routinely applied to hospital 
patients over twenty years of age reduced by about 
half the expected incidence of fatal pulmonary em- 
bolism in a series of 5467 medical, surgical and ob- 
stetric patients. 

Every type of hospital patient may safely wear 
elastic stockings except those with severe local dis- 

ease in the legs, such as ischemia, inflammation or 
trauma. 

Elastic stockings are not a substitute for but an 
addition to, measures designed to prevent pulmo- 
nary embolism, such as anticoagulants and venous 
ligation. They apparently prevent venous thrombo- 
sis in the calves and, through this effect, reduce the 
incidence of embolism. 

The results of the method warrant its consider- 
ation as a routine hospital procedure. 


CARE OF THE PREMATURE INFANT IN MASSACHUSETTS 
R. Geratp Rice, M.D.,* Etta Boom, A. B., f Viapo A. Gettinc, M. D., Ax D Satire Saunpers, M.D.§ 


TURITY is recorded as the primary or 

contributory cause of death on approximately 

50 per cent of the death certificates of infants 

dying under one year of age in Massachusetts. In 

1951 more than 1000 infant deaths were recorded 
as being associated with prematurity. 

The following study considers the efforts of the 
Commonwealth of Massachusetts to reduce the 
number of deaths from this cause. The historical 
background is presented along with an analysis of 
the problem based on the available statistics for 
the year 1951. 


Historica, BackGrounp 


The physicians of Massachusetts, the Depart- 
ment of Public Health and the people of the Com- 
monwealth (as represented by the Legislature) early 
recognized the importance of prematurity as a 
major factor in infant mortality. The contribu- 
tions of Massachusetts physicians to the clinical 
management of prematurity are well known. Less 
well known is the help and stimulation certain out- 
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standing pediatricians and obstetricians provided 
the Department in developing one of the — state 
programs for the care of premature infants. 

This program helped physicians and nurses to ob- 
tain training in the care of the prematurely born 
infant, enabled certain hospitals to become “cen- 
ers” for the care of premature infants and devised 
incubators for the care and transportation of pre- 
mature infants. These incubators were simple in 
design and easy to construct. Today they appear 
crude. However, when one considers that at the 
time they were built certain hospitals used incu- 
bators for the infant’s body only and left his head 
outside, the incubators are seen to have been rela- 
tively efficient. 

The Massachusetts Legislature, in 1937, became 
aware of the importance of prematurity as a factor . 
in infant mortality and passed a law providing for 
the hospital care and transportation of premature 
infants. When parents were unable to pay, the costs 
were made the responsibility of the local boards 
of welfare. The Act stated that families who were 
recipients of such aid should not be regarded as 
“on welfare.” Thus, it was recognized that the 
birth of a premature infant to a family i in the low- 
income group can result in economic and social 
hardship. The act also provided that the births 
of all infants weighing 5 pounds or less at birth be 
reported to local boards of health and local boards 
of welfare. 
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In an epidemiologic approach to the problem, the 
Department of Public Health requested copies of 
these reports from the local boards of health. Re- 
porting was incomplete; in the six-year period 
1943-1948 inclusive, only 1570 reports were re- 
ceived. 

In 1949 the Legislature, at the request of a special 
commission appointed to study and investigate 
certain public-health matters, again considered the 
status of the premature infant and wrote into the 
law an act that made the costs of hospital care of 
certain premature infants (those weighing .4% 
pounds or less at birth whose parents were unable 
to pay for the care) the responsibility of the local 
board of health of the city or town in which the 
mother resided. It also made the Department of 
Public Health responsible for the payment for hos- 
pital care of certain infants (as defined above) 
whose parents did not have legal settlement in any 
city or town in Massachusetts. Thus, the Legis- 
lature recognized that prematurity is a health and 
not a welfare matter. The same act requires the 
reporting of the births of all infants weighing 5% 
pounds or less at birth to the local boards of health. 
This legislation is unique; it is based on the New 
England tradition of city and town home rule. In 
1951 the local boards of health spent $140,000 on 
the hospital care of premature infants in accordance 
with this act, and the Department spent $16,000 
on unsettled cases. Approximately 25 per cent of 
all families of premature infants weighing 416 
pounds or less at birth received assistance in meet- 
ing the costs of hospital care. 

The present program of the Department, which 
is aimed at reducing the mortality from prematurity, 
has three components — education, service and re- 
search. Women are urged to seek medical care 
from their physicians as soon as they know they 
are pregnant. The physician can do little to cor- 
rect abnormal medical and social conditions that 
cause prematurity if he sees the patient for the 
first time in the last trimester of her pregnancy. 
The Department, with the co-operation of the 
Children’s Bureau, offers advanced courses to 
physicians and nurses on the care of the premature 
infant. The Department also conducts seminars 
in different areas of the State and supplies speakers 
for hospital staff meetings to discuss the obstetric 
factors in prematurity. 

The Department licenses hospitals. This act of 
licensure helps ensure the mother a safe environ- 
ment in which to have her baby, the physician an 
adequate case room in which to work and an ade- 
quate nursery in which to care for the premature 
infant. The Department also offers medical and 
nursing consultation services to hospital obstetric 
and nursery units. Medical, public-health-nursing qui 
and social-service consultations are made available 
to local boards of health to help them carry out 
their responsibilities under the act of 1949. 
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Research in this field has been confined to the 
analysis of reports to obtain data on the incidence of, 
and the mortality from, prematurity — that is, a 
study of the epidemiology of prematurity on which 
a more effective program of prevention and treat- 
ment may be based. The rest of this paper deals 
with an analysis of the statistical data that the 
Department has accumulated. 


Source or MATERIAL 


Because Massachusetts is the only state in the 
Union in which birth weight is not recorded on the 
birth certificate, data on premature births must be 
obtained from other sources. two sources 
used are the annual hospital reports and reporting 
of premature births as required by law. 

The first of these are submitted to the Depart- 
ment by every maternity hospital in the State. 
These reports do not identify individual infants and 
do not give information by weight groups under 
414 pounds. Among the items reported are the 
number of premature births by sex, color and 
plurality of birth, the number of premature in- 
fants born elsewhere and admitted to the hospital 
for care, and the number of deaths occurring among 
such infants in the maternity section of the hospital. 
No information is available on deaths that occur 
after the infant leaves the hospital or after it is 
transferred from the maternity to the pediatric 
section of the hospital. 

_ The other source of data available is the report- 

ing of prematurity as required by Chapter 601, 
de “dew of 1909. This consists of reports of 
individual premature births made out in duplicate 
by the hospital and sent to the board of health of 
the city or town of the mother’s residence. The 
carbon copy is then sent to the Department. These 
reports contain information on place of mother’s 
residence, place of delivery, hospital to which in- 
fant was transferred for care, birth weight, plurality 
of birth, sex and color. These reports are matched 
with neonatal death certificates to obtain informa- 
8 on deaths among premature infants. 

The Department received 5348 reports of pre- 
mature infants born alive in 1951; 5211 were in 
maternity hospitals, 76 were born in other hospitals, 
and only 61 were reported as being born at home. 
Of the total, 2522 (47.2 per cent) were males and 
2826 (52.8 per cent), were females. There were 
4438 (83 per cent) single births and 910 (17.0 per 
cent) plural births. 


ComPLeTeNness or REPORTING 
The validity of conclusions drawn from this 
B — the information the hospitals are re- 
red by law to to report on each infant is more de- 
that contained i 


| 1091 
more value for statistical analysis. However, a 


comparison of the two sources shows that the annual 
hospital reports listed 6491 premature infants born 
in Massachusetts maternity hospitals in 1951, 
whereas from the same hospitals only 5211 in- 
dividual reports of premature births (80 per cent) 
were received. Therefore, in this analysis, we have 
used the annual hospital reports as the standard. 


T 1. Completenes Reporting of Premature Infants Bor 
in Maternity Each H. h District, 
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There are probably some errors in these reports 

we have not checked the accuracy of all of them. 
When there were obvious discrepancies the hos- 
pitals were queried, and the necessary corrections 
made. The incidence of prematurity as deter- 


Ficure |. Completeness of Reporti | Premature Births 
Health — in 1951. 


mined from these reports is comparable to that 
reported from New Vork State. 

There was a variation in the completeness of re- 
porting of individual births by the macernity hos- 
pitals in the 8 districts (Table 1 and Fig. 1). The 
most incomplete reporting was by the hospitals in 
the Berkshire Health District (57 per cent), and 
the most complete was by the hospitals in the 
North Metropolitan District (89 per cent), in 
which the large metropolitan hospitals are located. 
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When the hospitals of the State are grouped ac- 
cording to the number of live births in 1951 the 
variation in completeness of reporting is directly 
related to the size of the hospital. The reporting 
from the large hospitals is much better than that 
from the small hospitals. The hospitals with less 
than 500 live births sent in reports on 70 per cent, 
those with 500 to 999 live births 79 per cent, and 
the large hospitals with 1000 or more live births 
84 per cent of the premature births occurring in 
their obstetric units. 

Individual reporting is less complete for the 
heavier infants. Reports on only 73 per cent of the 
premature infants with a birth weight of more 
than 2000 gm. (4 pounds, 6 ounces) were received 
by the Department as compared with 93 per cent 
of those weighing less than 2000 gm. The report- 
ing of the small infants is more complete, not only 
for the State as a whole but also for each health 
district. 

The more complete reporting of premature in- 
fants with lower birth weights is probably directly 
related to the fact that the law provides, under 
certain circumstances, for financial assistance to 
the parents of infants weighing 414 pounds (2040 
gm.) or less at birth. This assistance can only be 
made if the birth is reported within a given time. 

The less complete reporting of the infants weigh- 
ing more than 2000 gm. is probably due to the fact 
that some confusion still exists regarding the 
definition of a premature infant. The earlier law 
required the reporting of infants weighing 5 pounds 
(2270 gm.) or less at birth, whereas Chapter 601 
of the Acts of 1949, in accordance with the interna- 


Taste 2. Total Live Births and Premature Live Births in Ma- 
ternity Hospitals (Mas. and Each Health District, 


1951). 
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North 320951 
8.685 580 (6.7 
: 287 (6.8 
97,134 6491 (6.7%) 
The percentages are based on the total live births in speci- 
fied group. 


tional definition of a premature infant, requires the 
reporting of infants weighing 514 pounds (2500 gm.) 
or less at birth. 


IncIDENCE OF PREMATURITY 


The most reliable information on the incidence of 
prematurity appears to be the annual hospital re- 
ports. Since more than 98 per cent of the births in 
Massachusetts occur in hospitals, totals from this 
source should be close to the total incidence. 
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Table 2 shows that 6.7 per cent of the living in- 
fants in Massachusetts hospitals in 1951 weighed 
51% pounds or less at birth. This incidence varied 
among the different districts from 6.0 per cent for 
the hospitals in the Northeastern Health District 
to 7.3 per cent for the hospitals in the Southeastern 
Health District. 

There were 137 maternity hospitals in Massachu- 
setts in 1951. During that year in these hospitals 
6491 premature births occurred, of which 52 per 
cent were in the 29 hospitals with 1000 or more live 
births per year, 35 per cent in the 48 hospitals with 
500 to 999 live births and 13 per cent in the 60 
hospitals with less than 500 births. This is similar 
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proportion of premature infants in the low-weight 
groups among plural births than among the single 
births. Sixty-four per cent of the infants in the single 
premature births weighed more than 2000 gm. as 
compared with 52 per cent of those in the plural 
premature births. There was also a higher propor- 
tion in the low-weight groups among the male 
than among the female premature infants. 


NEONATAL DEATHS AMONG PREMATURE INFANTS 


The individual reports are sent to the local boards 
of health shortly after the birth of the premature 
infant. From these reports there is no way of know- 


Tasie 3. Premature Infants by Birth Weight, Sex and Plurality of Birth (Massachusetts, 1951). 
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*The equivalent weights in pounds and ounces are as follows: 
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67 of these reports are omitted because birth weight 


was not recorded. 


to the percentage distribution of the total live 
births occurring in these hospitals. 

The incidence of prematurity as recorded in the 
annual hospital reports was higher among females 
(7.4 per cent) than among males (6.0 per cent), 
higher for nonwhite (10.0 per cent) than for white 
(6.0 per cent) and much higher among plural 
(49.1 per cent) than among single births (5.8 per 
cent). 


Premature Birtus sy WEIGHT 


Because the hospital reports do not separate 
birth weight into categories below 4 pounds, 8 
ounces (2040 gm.), the only source of information 
on the number of infants in the groups below 2000 
gm. must come from the individual premature birth 
reports. Since the reporting is only 80 per cent 
complete and the completeness of reporting varies 
with birth weight and hospital size, the limitations 
of the data must be kept in mind in the interpreta- 
tion of the following material. 

The distribution by birth weight is shown in 
Table 3. Of the total premature infants reported to 
the Massachusetts Department of Public Health, 
62 per cent weighed more than 2000 gm. If the re- 
porting had been complete, this percentage would 
probably have been higher since the reporting of 
the larger premature infants was less complete than 
that of the smaller ones. There was a much higher 


ing whether the infants survived the neonatal period. 
The reports are therefore matched with the death 
certificates of all neonatal deaths (under twenty- 
eight days) to obtain information regarding deaths 
among premature infants. 

Included in our study are 83 premature infants 
who died but whose death certificates did not men- 
tion prematurity, which the attending physician 


Taste 4. Premature Births and Neonatal Deaths among Pr 
mature Infants by Birth Weight (Massachusetts, 1951). 
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did not regard as a contributing factor. Since the 
death certificates do not always mention pre- 
maturity and since the reporting of premature births 
is only 80 per cent complete, there is no way of 
knowing exactly how many deaths occurred in 
Massachusetts among prematurely born infants. 


JJ. 4093 
| 
) 
lene 2 lb., J or less. 
1001-1500 gm. — 2 lb., 4 of., - Ib., 4 oz. 
1501-2000 gm. — J Ib., 5 oz.,-4 Ib., 6 oz. * 


comparison of the two sources shows that the annual 
hospital reports listed 6491 premature infants born 
in Massachusetts maternity hospitals in 1951, 
whereas from the same hospitals only 5211 in- 
dividual reports of premature births (80 per cent) 
were received. Therefore, in this analysis, we have 
used the annual hospital reports as the standard. 


Ta 1. Com ss of Reporting of Premature Infants Born 
in Maternity Hospitals ( a District, 
(Be — — 
Awnuat 
— 
No. 
508 
Northeastern ... 
South Central 
North Central .... 
2 51 
114 5 
6491 $211 
*The percentages are based on the number of premature births in 


There are probably some errors in these reports — 
we have not checked the accuracy of all of them. 
When there were obvious discrepancies the hos- 
pitals were queried, and the necessary corrections 
made. The incidence of prematurity as deter- 


Ficune I. Completeness of Reporting of Premature Births 
Health in 1951. 5 


mined from these reports is comparable to that 
reported from New Vork State. 

There was a variation in the completeness of re- 
porting of individual births by the macernity hos- 
pitals in the 8 districts (Table 1 and Fig. 1). The 
most incomplete reporting was by the hospitals in 
the Berkshire Health District (57 per cent), and 
the most complete was by the hospitals in the 
North Metropolitan District (89 per cent), in 
which the large metropolitan hospitals are located. 
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When the hospitals of the State are grouped ac- 
cording to the number of live births in 1951 the 


variation in completeness of reporting is directly “ 


related to the size of the hospital. The reporting 
from the large hospitals is much better than that 
from the small hospitals. The hospitals with less 
than 500 live births sent in reports on 70 per cent, 
those with 500 to 999 live births 79 per cent, and 
the large hospitals with 1000 or more live births 
84 per cent of the premature births occurring in 
their obstetric units. 

Individual reporting is less complete for the 
heavier infants. Reports on only 73 per cent of the 
premature infants with a birth weight of more 
than 2000 gm. (4 pounds, 6 ounces) were received 
by the Department as compared with 93 per cent 
of those weighing less than 2000 gm. The report- 
ing of the small infants is more complete, not only 
for the State as a whole but also for each health 
district. 

The more complete reporting of premature in- 
fants with lower birth weights is probably directly 
related to the fact that the law provides, under 
certain circumstances, for financial assistance to 
the parents of infants weighing 414 pounds (2040 
gm.) or less at birth. This assistance can only be 
made if the birth is reported within a given time. 

The less complete reporting of the infants weigh- 
ing more than 2000 gm. is probably due to the fact 
that some confusion still exists regarding the 
definition of a premature infant. The earlier law 
required the reporting of infants weighing 5 pounds 
(2270 gm.) or less at birth, whereas Chapter 601 
of the Acts of 1949, in accordance with the interna- 


Taste 2. Total Live Births and Premature Live Births in Ma- 
ternity Hospitals (Massachusetts and Each Health District, 


1951) 
Heatrea Distaicr or No. 
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r 97,134 6491 (6.7%) 
*The percentages are based on the total live births ia speci- 
fied group. 


tional definition of a premature infant, requires the 
reporting of infants weighing 514 pounds (2500 gm.) 
or less at birth. 


INCIDENCE OF PREMATURITY 


The most reliable information on the incidence of 
prematurity appears to be the annual hospital re- 
ports. Since more than 98 per cent of the births in 
Massachusetts occur in hospitals, totals from this 
source should be close to the total incidence. 
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Table 2 shows that 6.7 per cent of the living in- 
fants in Massachusetts hospitals in 1951 weighed 
51% pounds or less at birth. This incidence varied 
among the different districts from 6.0 per cent for 
the hospitals in the Northeastern Health District 
to 7.3 per cent for the hospitals in the Southeastern 
Health District. 

There were 137 maternity hospitals in Massachu- 
setts in 1951. During that year in these hospitals 
6491 premature births occurred, of which 52 per 
cent were in the 29 hospitals with 1000 or more live 
births per year, 35 per cent in the 48 hospitals with 
500 to 999 live births and 13 per cent in the 60 
hospitals with less than 500 births. This is similar 


PREMATURE INFANT IN MASSACHUSETTS — RICE ET AL. 


proportion of premature infants in the low-weight 
groups among plural births than among the single 
births. Sixty-four per cent of the infants in the single 
premature births weighed more than 2000 gm. as 
compared with 52 per cent of those in the plural 
premature births. There was also a higher propor- 
tion in the low-weight groups among the male 
than among the female premature infants. 


NEONATAL DEATHS AMONG PREMATURE INFANTS 


The individual reports are sent to the local boards 
of health shortly after the birth of the premature 
infant. From these reports there is no way of know- 


Tant 3. Premature Infants by Birth Weight, Sex and Plurality of Birth (Massachusetts, 1951). 
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to the percentage distribution of the total live 
births occurring in these hospitals. 

The incidence of prematurity as recorded in the 
annual hospital reports was higher among females 
(7.4 per cent) than among males (6.0 per cent), 
higher for nonwhite (10.0 per cent) than for white 
(6.0 per cent) and much higher among plural 
(49.1 per cent) than among single births (5.8 per 
cent). 


Premature Birtus sy Biarn WEIGHT 


Because the hospital reports do not separate 
birth weight into categories below 4 pounds, 8 
ounces (2040 gm.), the only source of information 
on the number of infants in the groups below 2000 
gm. must come from the individual premature birth 
reports. Since the reporting is only 80 per cent 
complete and the completeness of reporting varies 
with birth weight and hospital size, the limitations 
of the data must be kept in mind in the interpreta- 
tion of the following material. 

The distribution by birth weight is shown in 
Table 3. Of the total premature infants reported to 
the Massachusetts Department of Public Health, 
62 per cent weighed more than 2000 gm. If the re- 
porting had been complete, this percentage would 
probably have been higher since the reporting of 
the larger premature infants was less complete than 
that of the smaller ones. There was a much higher 


— 


ing whether the infants survived the neonatal period. 
The reports are therefore matched with the death 
certificates of all neonatal deaths (under twenty- 
eight days) to obtain information regarding deaths 
among premature infants. 

Included in our study are 83 premature infants 
who died but whose death certificates did not men- 


tion prematurity, which the attending physician 


Taste 4. Premature Births and Neonatal Deaths among Pre- 
mature Infants by Birth Weight (Massachusetts, 1951). 
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did not regard as a contributing factor. Since the 
death certificates do not always mention pre- 
maturity and since the reporting of premature births 
is only 80 per cent complete, there is no way of 
knowing exactly how many deaths occurred in 
Massachusetts among prematurely born infants. 
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tThe Massachusetts Department of Public Health received 5348 premature reports for 1951; 67 of these reports are omitted because birth weight 
was not recorded. 
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In matching the death certificates with the re- 
ports of premature births we found that there were 
399 death certificates that gave prematurity as 
the primary or the contributory cause of death and 
yet the premature birth had not been reported to 
us. Evidently, many infants who died were not 
reported at birth. We therefore sent letters to 115 
hospitals requesting information on birth weight 


Tant 5. Neonatal Mortality Rates among 
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cent of those weighing 1501 to 2000 gm., and 5 
per cent of those weighing more than 2000 gm. died . 
before reaching twenty-eight days of age. The 
neonatal mortality rate for premature infants who 
weighed 1000 gm. or less at birth was almost twenty 
times higher than the rate for those who weighed 
more than 2000 gm. Only 8 per cent of all the 
premature infants weighed 1000 gm. or less at bir h, 


Births by Birth! Weight, Sex and Plurality of 


Premature 
Birth (Massachusetts, 1951). 


fen, Neonatan Moatauity Rates sy Biatn Wrienr 


on these 399 infants. Replies were received from 
all but 1 hospital. Information was given on 387 
infants. In 25 cases the infants weighed more than 
51% pounds at birth; the remaining 362 weighed 
514 pounds or less at birth. These 362 premature 
births have been included in our study; indeed they 
constitute about a third of the total neonatal deaths 
among premature infants in our statistical material. 
The fact that so large a proportion of all deaths 


yet almost 40 per cent of the deaths occurred in this 
group. 

There were 67 premature infants reported to us 
who were not weighed at birth; of these, 52 died. 
Since we did not have any data on length of gesta- 
tion, we did not estimate birth weight in these cases 
but kept them as a separate group. Probably most 
of these 67 were in low-weight groups. The weight 
may not have been recorded because the attending 


Hosertat Sizs* Nronavat Moatauity Rates sy Biats Weicet 
ALL INFANTS IneANTS InPANTS INFANTS 
— 1000 om. 1001-1300 1501-2000 2001-2500 
OR LESS GM. Gm. GoM. 
% 15 % by % 
tale with less than 500 births . .. 6 6 


*Grouped according to the number of live births in 1951. 


associated with prematurity would never have 
been discovered by a tracing of the prematurely 
born infants reported is striking testimony to the 
need for better reporting. 

The following figures are based on the 1077 neo- 
natal deaths that occurred among the 5348 pre- 
mature infants in our study. One out of every 5 
premature infants fails to survive the first month 
of life. This proportion varied according to the 
birth weights of the infants (Table 4). The smaller 
the infants, the poorer their chances for survival; 
94 per cent who weighed 1000 gm. or less, 58 per 
cent of those weighing 1001 to 1500 gm., 18 per 


physicians considered the infants so puny that they 
should not be subjected to the trauma of weighing. 

Female premature infants showed a definite 
superiority to male premature infants in ability to 
survive. Only 16 per cent of the females as com- 
pared to 24 per cent of the males died during the 
first twenty-eight days of life (Table 5). This 
superiority of the female holds true for all weight 
groups, being greatest for the heavier and least for 
the very small infants; the neonatal mortality for 
males weighing 1000 gm. or less at birth is only 
2 per cent higher than that for females. 
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Plural-born premature infants have a better 
chance of survival than single-born premature in- 
fants. The neonatal mortality rates are lower in 
all weight groups for plural than for single births. 
The rates for the totals in both groups are about 
the same because there was a much higher propor- 


ps among the 


tion of infants in the low-weight grou 
plural than among the single births (Table 3). This 
superiority of plural-born infants over 
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NEonaTAL MortTA.ity AMONG Premature 
sy Hosritat Size 


In 1951, 5348 premature births were reported to 
the Department; 5211 of these infants were born in 
maternity hospitals. There were 1016 neonatal 
deaths among those born in maternity hospitals. 
These deaths have been considered according to the 
place of birth regardless of the place of death. In 


Tasuz 7. Neonatal Deaths among Premature Infents by Birth Weight and Age (Massachusetts, 1951). 
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There were 213 nonwhite premature births re- 
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premature infants were inversely related to the size 


ported to the Department; 36 deaths occurred 
among these infants. Seventeen per cent of these 


Tanz 8. Neonatal Deaths among Premature Infants according to Main Causes by Birth Weight and Age (Massachusetts, 1951). 
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infants died in the neonatal period compared with 
20 per cent of the white premature infants. In all 
but one weight group the mortality rate for non- 
white was lower than that for white premature in- 
fants. The differences were not statistically sig- 
nificant. Since there were so few nonwhite pre- 
mature infants, no further breakdown was made by 
race. 


2000 gm.). These differences may have been due 


to the variation in the completeness of reporting 
of premature births. 


Of the total 5348 premature infants reported only 
transferred 


to 
pitals. It is therefore not surprising that 41 per 


öEH! 1095 
of hospital. The smaller hospitals had the higher 
rates in all but one birth weight group (1501 to 
to another or from home to hospital. Generally, 


cent of those who were transferred to another hos- 
pital died during the neonatal period, as compared 
with 19 per cent for those who were not transferred. 


NeonaTaAt DeatHs AMONG PremaTuRE INFANTS 
BY AGE 


More deaths in the neonatal period occurred dur- 
ing the first day of life than in the remaining twenty- 
seven days combined (Table 7); 57 per cent of the 
infants died during the first twenty-four hours of 
life. This proportion varied inversely with birth 
weight. Seventy-four per cent of the infants weigh- 
ing 1000 gm. or less at birth, 52 per cent weighing 
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of immaturity, 5 per cent to certain diseases of 


early infancy without mention of immaturity, and 


almost all the remaining 5 per cent to congenital 
malformations (Table 9). There was little variation 
in these percentages between male and female in- 
fants and between single and plural births. 

The percentage distribution of the neonatal 
deaths for main causes among the smaller premature 
infants was quite different from that for the larger 
ones. Ninety-eight per cent of the neonatal deaths 
among infants weighing 1000 gm. or less at birth 
were assigned to certain diseases of early infancy 


9. Neonatal Deaths Premature to Main Causes Birth W. and 
Tauts Distribution of among 2 2 by eigl Age 
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1001 to 1500 gm., and 40 per cent ing over with mention of immaturity. Only 61 per cent 
1500 gm. died duriog the free day of life 22 among those g more than 2000 gm. at birth 
of dying decreased with increasing age. Only were assigned to this classification. 


cent of the total neonatal deaths olen 
the first week of life. 


NeonaTat Deatus sy Cause 


The distribution of neonatal deaths by main 
causes is given in Table 8. Twenty-four neonatal 


as stillbirths on the death certificates. Massachusetts 
has no special certificate for reporting stillbirths, 
which are reported on both birth and death cer- 
tificates. The birth certificates reported these 10 
births as live births, and the death certificates re- 
ported them as stillbirths. The Division of Vital 
Statistics of the Office of the Secretary of the Com- 
monwealth has queried the physicians attending 
these cases to make the necessary corrections. 
Ninety per cent of the neonatal deaths were as- 
signed to certain diseases of infancy with mention 


Fifty-four per cent of the total neonatal deaths 
were assigned to immaturity unqualified, 29 per 
cent to postnatal asphyxia and atelectasis, 7 per 
cent to birth injuries and 10 per cent to all other 
causes. This order of rank held for premature in- 
fants weighing 1500 gm. or less at birth; however, 
for those weighing more than 1500 gm., postnatal 
asphyxia and atelectasis was the leading cause, 
followed by immaturity unqualified and congenital 
malformations. 

The leading causes of death during the first week 
of life were also immaturity unqualified, post- 
natal asphyxia and atelectasis and birth injuries, 
accounting for 92 per cent of the deaths during this 
period. After the first week of life, birth injuries 
dropped from third to fifth place as a leading cause 
of death, being outranked by pneumonia of the 
newborn and congenital malformations. 


1096 C 
after 
found for 14 of these. The other 10 were reported 
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Discussion 


The study of the epidemiology of premature 
birth in Massachusetts and the evaluation of pro- 
grams aimed at reducing the consequent mortality 
are seriously handicapped by the lack of complete 
factual data concerning incidence. In all other 
states the incidence can be determined from an 
analysis of the birth certificates. However, the 
fact that Massachusetts is the only state in which 
birth weight is not recorded on the birth certificate 
prevents that document from being used for this 

rpose. The reporting of premature births as re- 
quired by law is only 80 per cent complete. Com- 
pleteness of reporting varies with hospital size, 
the smaller institutions submitting less complete 


The Act of 1949, in our opinion, has been success- 
ful in its purpose of providing hospital care to in- 
fants weighing 44 pounds or less at birth whose 
parents are unable to pay for such care. This act 
has helped to deter parents from taking their in- 
fants out of hospitals before doctors considered 
the child robust enough to go home. It has also 

the individual hospitals to meet some of the 
deficits that they formerly acquired by giving care 
to such infants. The hospital care of the premature 
infant can be extremely expensive; cases in which 
a hospital stay of three months or more is required 
are not infrequent. 

Another and unexpected result of the Act of 1949 
has been its educational value. As a result of this 


law, it is believed that every hospital administrator, 
every member of local boards of health and the 
great majority of selectmen now recognize that 
premature birth is a serious health problem. They 
have been led to this conclusion by a consideration 
of the cost of hospital care of these infants and the 
methods of appropriating money to pay for it. 
SumMMARY 

Birth weight is not reported on birth certificates 
in Massachusetts. To define the problem of pre- 
mature birth and to plan and evaluate programs in 
this state, information on premature births must be 
obtained from other sources. The two sources from 
which data can be obtained are described. 

Six and seven-tenths per cent of the infants born 
alive in Massachusetts weighed 514 pounds or less 
at birth. One out of every 5 premature infants 
born in the Commonwealth did not survive the 
first month of life. These statistics compare favor- 
ably with those from other states. From the data 
presented in this paper it appears that mortality 
rates are higher in the small hospitals. It would 
be of interest to know whether this would hold true 


terest in this matter and make a special effort to 
obtain more complete reporting by hospitals. 


- OBSERVATION ON THE PATHOGENESIS OF LARYNGEAL GRANULOMA DUE TO 


ENDOTRACHEAL ANESTHESIA 
Rucnand Tuomas Barton, M. D.“ 


BEVERLY HILLS, CALIFORNIA 


first case of laryngeal granuloma due to 
endotracheal anesthesia was described in 1932 
by Clausen.“ Since then about 50 cases have been 
reported in the literature, and undoubtedly many 
additional ones are unreported. It is the purpose of 
this paper to report an original observation on the 
causative factors of this relatively rare compli- 
cation, and to describe the growth of the lesion in 
the hope that certain preventive measures will be 
followed in the future. 


Mareriats anp Mernops 
This study is based on 4 cases of laryngeal 
granuloma due to endotracheal anesthesia and, in 


addition, presents a clinical analysis of the location 
of endotracheal tubes in the glottis. 


corAttending specialist, Head and Neck Service, Veterans Administration 


i 


115 


> 
4 


. LARYNGEAL GRANULOMA — BARTON 1097 
|= 
if reporting of premature births were more complete. 
It is hoped that this paper will demonstrate to 
physicians that complete reporting is necessary if 
the size of the problem in Massachusetts is to be 
determined, and it is hoped that the district medical 
societies and other medical groups will take an in- 
Case Reports 

ae a choking sensation. Examination 
ted mass arising from the vocal 

— Was impossible, 
had undergone a removal of a 
i inal fusion. Two days after 
— — sore developed. 
Throat culture revealed a hemolytic 9 resistant 
to penicillin but sensitive to terramycin. report did not 
come back from the laboratory for 6 days, during which the 
patient was on 600,000 units of penicillin intramuscularly and 

a 

from the vocal process of the right arytenoid cartilage 
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the Endotracheal Tube in the 
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granulation 
ite stalk. = 
the patient 

Flexible 
ion (Note 
to ob- 
dramati- 
is one 
and 

Bronc position 

unity to visualize the location of the rigid bronchoscope 

ithe glottis in an anterior. and without preaure 

22 processes or posterior commis- 

sure (Fig. 1 and 2). 

Glottic Chink as Visualized from above. 
against posterior commissure pinched 


position. This, I believe, is a major cause of laryn- 
geal granuloma because it forces the tube into the 
posterior commissure and against the vocal proc- 
esses. All the lesions reported to date have occurred 
in this area.“ 


bronchoscope resting anteriorly away from the 
vocal p whereas the tube is 
held directly between them. 


In Case 4 it was possible to visualize directly the 
pathogenesis of laryngeal granuloma step by step. 
These may be outlined as follows: 


In the first place, trauma causes an abrasion 


granuloma as the denuded area is covered with 
granulations in an attempt to cover the bare 
cartilage and heal. 

Fourthly, the granuloma becomes an inflam- 
tissue and the healing or epithelization of the 
periphery. This changes a sessile mass into a pe- 
dunculated polyp of pyogenic granuloma. 

Finally, healing or epithelization of these 
lesions is the last and sometimes the most diffi- 


cult stage. Voice rest is, of course, essential; 
otherwise, the constant trauma resulting when 
the vocal processes adduct and collide in the mid- 
line will lead to the most obstinate “kissing ul- 
cers” and bilateral granulomas. Recurrences 
after laryngoscopic removal are not uncommon 
because of this vocal abuse. 


Discussion 


This type of trauma is primarily to the glottis, 
there is considerable injury to the subglottic 
at times. When this occurs, it has been re- 

the posterior tracheal wall in conformity 


poid mass off at its base and the patient coughed 
up the entire polyp—a self-amputation. This, how- 
ever, is not as treatment, since many 
patients have serious dyspnea with the ob- 
struction and need emergency surgery. 
Conciusions 

A complete understanding of the etiology and 

pathogenesis of laryngeal granuloma due to endo- 


tracheal anesthesia will aid greatly in the preven- 
tion and care of this lesion. Some of the prophy- 


matic lesions in ia than in 
bronchoscopy. The pathogenesis of laryngeal 
granuloma is described. 
9754 Wilshire Boulevard 
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the fact that all my cases and nearly 40 per cent 
of those reported in the literature were back or 
head operations with the patient in a head- down 
Trauma to the vocal processes almost never hap- EE 
pens with bronchoscopy because of the difference 
in the position of the tube in the glottis—the b 
tr 
The role of extralaryngeal trauma is somewhat moval is most likely to be successful when the 
different. The tube may be imagined as pinched lesion has reached the fourth stage and has a clearly 
between the arytenoid cartilages, with the trachea defined pedicle. An attempt at excision during the 
and larynx moving up and down or pulling lateral- third—or sessile—stage should be avoided. Cases 
ly on the tube. This commonly occurs in a thyroid- have been reported in which the healing of the ulcer 
ectomy or in too light an anesthesia with the result- from its periphery eventually constricted the poly- 
ant swallowing and coughing. The vocal processes 
scrape and slide on the tube with considerable 
friction. It is important not to manipulate the 
larynx and trachea during neck operations while 
the tube is in place. Statistically, another 40 per 
cent of the reported cases of laryngeal granuloma 
occur in thyroidectomy operations. This, then, is a 
major cause. 
The role of infection is often overlooked. Many 
of the patients described in the literature suffered 
‘before operation, and I believe this to be an im- fette measures suggested DY t tdy are as 1ol- 
portant etiologic element. In 1 of the cases reported lows: one should avoid a sharply flexed head posi- 
above (Case 2) a hemolytic streptococcus was cuk tion and strive for a hyperextension, as in direct 
tured from the pharynx, and the appearance at the laryngoscopy; one should avoid forcing a tube 
laryngeal inflammation suggested infection rather through a laryngeal spasm; one should avoid the 
than trauma. use of a large tube to prevent — substitut- 
ing a smaller one with an inflated ; one should 
— ͤH— avoid extralaryngeal trauma during neck oper- 
ations; and one should avoid infection by the use 
postoperatively. 
ne The observation of the significantly different 
on the vocal process that ex cartilage and Slottic positions of an endotracheal tube under gen- 
— results in 8 perichondritis. 4 eral anesthesia and a bronchoscope under local 
may be microscopic in se. anesthesia makes it easier to understand the greater 
Secondly, the abrasion becomes a so-called incidence of la ranuloma and other trau- 
contact ulcer because of secondary infection. 
Thirdly, the contact ulcer becomes a sessile 
1. Clausen, R. J. Unusual sequela of tracheal intubation. Proc. Rey. 
So ded. 2031507, 1992. 
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LEGEND displayed over the old apothecary 
shop in Williamsburg, Virginia, reads, “Deus 
major agit.” When Walter Cannon entitled his book 
on homeostatic reactions The Wisdom of the Body 
he re-emphasized the role of innate forces in 
healing. The present report explores the possibility 
of so designing parenteral fluid therapy that patients 
may make full use of their homeostatic mechanisms 
during the critical period when the physician's 
order, rather than instinct, prescribes water and 
solute intake. 
The following sections deal, respectively, with the 
homeostatic mechanisms pertinent to the water, 
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Sal ine-Dextrose 22 Soe ext for 


scriptive 


sodium, potassium, phosphate and dextrose needs of 
patients whose illness prescribes intravenous in- 
fusion therapy. An attempt is made to indicate in 
approximate terms both the least amount of each 
substance cama to correct or prevent abnormal 
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body deficits and the greatest amount that can be 
administered without upsetting concentrations or 
volumes of body fluids to a pathologic degree. The 
manner in which the organism can retain or reject 
intermediate amounts in accordance with its best 
interests is then discussed and exemplified. All 
results are expressed on a basis of square meter of 
body surface, since this makes them applicable to 
patients of all ages. 


Minimum ReQuirEMENTS AND 
Liurrs or Water ToLeraNce 


Figure 1 is concerned with the effect on body- 
water concentration of infusing solutions that con- 
tain, in addition to dextrose, sodium chloride in 
concentrations from 0 to 350 m-osm. (mmillioentols) 4 
per liter. The left-hand ordinate of this figure indi- 
cates the rate of fluid infusion expressed in liters per 
square meter per twenty-four hours. scale 
along the abscissa indicates the sodium chloride 
content of the fluid infused expressed as milliosmols 
per liter. The theoretical effects of the adminis- 
tration of various amounts of fluids of varying salt 
content upon the recipient’s body-water concen- 
trations expressed as cubic centimeters per m-osm. 
of total solute are suggested by the zones defined 
by curves A to E, each of which is discussed in de- 
tail below. 

Before a description of the manner in which these 
curves have been derived is undertaken it may be 
well to outline the reasons for making a distinction 
between dextrose and the inorganic solutes of par- 
enteral fluids. When in solution a mol of dextrose 
has essentially the same osmotic properties as 
a mol of sodium, potassium, chloride or phos- 
phate. After entering the body, however, dextrose 
is usually oxidized to carbon dioxide and water or 
converted to osmotically inactive glycogen or fat so 
rapidly that it exerts only a small effect on the 
osmolar concentration of body fluids. Also, in the 
absence of abnormal hyperglycemia, dextrose is not 
excreted in the urine. By contrast, sodium, chloride 
and other inorganic solutes of infusion fluids are 
osmotically active substances during their stay in 
the body and during excretion in the urine. Thus 
the inorganic solutes contained in parenteral fluids 
are important determinants of water-solute relations 
in body fluids and urine. 


22 


— solute per liter. 
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Minimum Water Requirement of a Person Not 
under Stress (Curve A, Fig. 1) 

The minimum water requirement of a person re- 
ceiving only parenteral fluids is equal to the sum 
of his minimum renal and extrarenal water losses 
minus water of oxidation of glucose infused and 
body substance catabolized and the water content 
of the catabolized body substance. Insensible water 
loss of sick patients has been estimated as 1000 cc. 
per square meter per day. This approximates the 
average value obtained on a group of 40 hospitalized 
infants, children and adolescents whose insensible 
water losses were measured over twenty-four-hour 


— 


mize nitrogen catabolism. The smallest quantity of 
dextrose that will permit such a reduction of solutes 
in the urine is 50 to 75 gm. per square meter per 
day.“ It is assumed that the infusions indicated 
in Figure 1 are made up to provide this but not an 
excessive amount of dextrose. 

Although a portion of the exogenous solutes 
administered intravenously may be retained for re- 
pair of deficits during early phases of parenteral 
fluid therapy, maintenance of normal body concen- 
trations and volumes depends upon their quanti- 
tative excretion in the urine as soon as repair and 
abnormal maintenance needs have been met. 


Tasie I. Effects of Administering Too Little or Too Much Water and Certain Solutes. 


Amount 
TOO LITTLE TOO MUCH 
Water A. B. — ee 
racranial hypertension 
‘ever Headache 
— — 
Convulsions 
Coma 
Death! 1-10 
Sodium C. ular fluid volume decreased D. Extracellular fluid volume increased 
— wd — to m deficiency 
(See Hes 
latory ſailurei 10 
Potassium E. — F. H assemia 
uscle 2 uscle weakness 
Ileus or diarr ea 
tasse mi a 
sbolic 
yperphosphate mia 
Phosphorus me 
Tetany 
Carbohydrate L —— 
— water and Her ic fail 
— 


periods of ordinary hospitalization. This figure 
roughly 70 per cent greater than values obtained 

others on strictly basal, older subjects. 
Gastrointestinal losses are assumed to be zero, 
since they are usually negligible in persons receiving 


J. 


only fluids by the parenteral route. Water of ori- 


dation plus water content of body substance 
catabolized has been taken as 270 cc. per square 
meter per day.. %% Minimum urine water is con- 
sidered to be a function of two variables —namely, 
urine water concentration and urine solute output.. 
Minimum urine water concentration (a) has been 
taken as 0.7 cc. per milliosmol."* Endogenous 
urine solute excretion has been estimated as 200 
m-Osm. per square meter per day for persons who 
are given enough water to meet water needs and 
enough dextrose to eliminate ketosis and to mini- 
ving adequate amou body 


at a rate of — 130 oe 


Figure 1, therefore, is constructed on the assumption 
that the total urinary solute output is equal ta the 
sum of the aforementioned endogenous (8g) plus 
the exogenous inorganic solutes contained in the 
fluid infused (S1). f Minimum urine volume, then, 
is equal to total solute output, S; + Si times the 
minimum value for urine water concentration (cc. 
of water per milliosmol) observed under conditions 
of need for water conservation. 

It is evident from the foregoing that the 
quantity of fluid needed to cover minimum body- 
water expenditures (Curve A, Fig. 1) is determined 
not only by such essential factors as insensible 
water loss and the water required for the renal 
excretion of the minimal endogenous solute output, 
but also by the inorganic solute content of the fluid 


ying fluid volu the ordi 


abscissa scale. 


. 
— 
= 
—ͤ—Eʒ'œů — — — — ͤᷓ œḾꝓ— ¼: — 
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being infused. In this connection Curve A indi- 
cates that the minimum water requirement is less 
when one infuses a solution of dextrose without 
inorganic solutes than when one infuses such a 
solution as dextrose in isotonic saline solution, which 
contains 300 m-osm. of inorganic solute per liter. 
Failure to meet the minimum water requirement 


a — of his stores. 
A tendency to decreased body-water concen- 
tration results (that is, cc. of water per m-osm. of 
As outlined in Section A of Table 1, 


Minimum Water 
Stress (Curve B, Fig. 


Patients under severe stress as a result of acute 


of Curve B of Figure 1. 

of Curves B and A shows that the 
amounts of infusion fluid of varying solute content 
necessary to balance the minimum water expendi- 
tures of patients under stress may be considerably 
greater than those of persons not under stress. Curve 
B calls attention to the striking possibility that as 


inorganic solutes per liter) may be 
provide the minimum water require- 
severely stressed patient. However, as 
d out below, the infusion of such a volume of 
saline solution would involve the adminis- 


d. w. -W. Ox. -W.T) + 

Where V = volume of fluid infused (cc /m*/day), 

I. W. @ insensible water loss (cc /m* /day), 

W.Oz. water of oxidation (cc /m* /day), 

W. T. = water content of tissue catabolized, 

Sg = endogenous urine solutes (m-osm / /day), 
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day) that overtaxes the capacity of the mechanisms 
responsible for body sodium homeostasis. 

Failure to meet the minimal fluid needs of 
patients under stress results in the changes listed 
in Section A of Table 1. 


Maximum Water Tolerance (Curve C, Fig. 1) 


The means employed above for estimating mini- 
mum water requirement can also be used to 
estimate the largest quantity of various types of 
solution that the organism can tolerate. The two 
principal variables concerned with maximum water 


FFF 
concentration. The intersect of Curve C with the 
left-hand ordinate at about 2700 cc. per square 
meter per day (115 cc. per square meter per hour 
or 30 drops per square meter per minute) describes 
the low body tolerance for simple dextrose in water 
there are no abnormal limi- 
of urine such as may occur 
with anesthesia and morphine therapy. As evi- 
the sharp upward slope of this curve, 

i markedly by the addition 


Since the kidneys are unable to form urine at a 
rate in excess of about 15 liters per square meter 
per twenty-four hours * there is a ceiling value 
for water intake of approximately 15.7 liters per 
square meter per day (15 liters of urine plus 1 
liter of insensible water minus 0.3 liter of water of 
oxidation and content of tissue catabolized). This 
explains why Curve C-C of Figure |! 2 
becomes horizontal when it reaches this value 


water per milliosmol of solutes (Zone 3, Fig. 1). 
When body-water concentration becomes patho- 
logically increased, signs of water intoxication 
develop (Section B of Table 1). In the initial 

of generous volume. Terminally, however, oliguria 
and even anuria may The cause of such 
an untoward course of events may be missed, for 
autopsy examination of laboratory animals that 
die as a result of water intoxication often fails to 


localized edema are notably absent.“ 

The foregoing indicates that the infusion of fluid 
of salt concentrations and at rates that lie within 
the area bounded by Curves B-B and C-C (Zones 
4 and 5) is compatible with body-water or body- 


1102 
described by Curve A-A places the patient in the 
underlying Zone 1 of Figure 1. Under this circum- 
stance he is obliged to supply the difference between 
water. Under conditions of excess water intake, the 
the earliest signs of decreased body-water concen- kidneys form urine containing up to approximately 
tration are thirst and a tendency to oliguria. As 
reduction in body-water concentration progresses, 
hemoconcentration, fever and circulatory failure 
may become manifest.“ 10 
1 
the highly concentrated urine (0.7 cc. per millios- 
mol) that can be formed by persons not under 
stress. Instead, even in the presence of dehydration, 
they may pass urine having a water concentration of as little as of inorganic solutes 
as high as 2.5 cc. per milliosmol. of solute. i 
This value was used as the minimum urine water 
concentration of such patients in the construction 
r square meter per day 9 (Segment C-B). 
solutes as isotonic saline (300 Administration of water in excess of tolerance 
results in an increase in cubic centimeters of body 
ation quantity OL sodium miullequiv. 
or 43 gm. of sodium chloride per square meter per 
The following formula, for which we are indebted to Dr. Daniel Clement. 
is for the convenience of readers who wish to reconstruct curves 
4. valuce for LN. W. Ox plus W. H. and ‘Se 
reveal any changes other than slight congestion of 
the liver and kidneys. Anasarca formation and 
C @ inorganic solute concentration of V (m-oem fcc). 


Vol. 248 No. 26 HOMEOSTATIC LIMITS TO PARENTERAL FLUID THERAPY — TALBOT ET AL. 


solute concentration homeostasis. However, as 
discussed in the following section, such infusions 
may not be compatible with volume or body-solute 
content homeostasis. 


Limits or To.erance ror Certain So.utes 

In addition to body-water concentration homeo- 
stasis, body-water volume homeostasis is an im- 
portant consideration in parenteral fluid therapy. 
Under normal conditions where body-water concen- 
tration —that is, cubic centimeters of body water 
per milliosmol of solute — is kept constant by the 
neurohypophyseal-renal homeostatic system, body- 
water volume is a variable dependent upon body- 
solute content. As illustrated with respect to so- 
dium, potassium and inorganic phosphorus in the 
sections that follow, homeostatic function normally 
attempts to keep the body’s content of each constit- 
uent of body solute at its physiologically optimal 
amount. 


Sodium Homeostasis 

Most normal persons take and excrete, largely 
by way of the kidneys, between 50 and 70 milliequiv. 
of sodium per square meter per day.“ Sudden 
reduction of the sodium intake to very low levels 
is followed by a gradual compensatory decrease in 
urinary sodium output. Ordinarily, three to five 
days are needed for the adrenocortical-renal homeo- 
static mechanism to complete this adjustment.“ 1: 
During the interval, the patient is in negative 
sodium balance. Usually this negative balance does 
not amount to more than about 2 milliequiv. per 
kilogram of body weight, a quantity equal to 
approximately 5 per cent of adult body sodium 
stores.“ . Since approximately 25 per cent of body 
sodium stores must be lost before the gross 
sym and signs of sodium develop 
(Section C of Table 1), sudden sodium deprivation 
is well tolerated by the normal person. 

Under conditions of complete sodium deprivation, 
healthy persons can reduce their rate of sodium 
excretion by all routes to levels of approximately 
10 milliequiv. per square meter per day.“ M. 0 It 


follows that this is the smallest sodium intake that 


may be considered compatible with sodium balance. 
This is diagrammatically represented by Curve D-D 
of Figure 1. 

An abrupt increase in sodium intake leads to a 
positive sodium balance. Increased body sodium 


sodium-retentive properties. Urinary sodium out- 
put then tends to rise until body sodium homeostasis 
becomes re-established. This homeostatic response 
may require three to five Gays for completion. 
Provided sufficient time is allowed for such 
adaptive changes to occur, normal persons can 
achieve sodium balance on intakes of as much as 
700 milliequiv. per square meter per day.** However, 


such large quantities of sodium should not be con- 
sidered physiologically tolerable for patients under- 
going parenteral fluid therapy, for during the period 
of adaptive response there may be accumulation of 
excessive amounts of sodium with formation of 
edema fluid. Retentions amounting to about 4 
milliequiv. per kilogram of body weight have been 
observed after sudden increase of 50 to 120 millie- 
quiv. per square meter per day in sodium intake, 
whereas retentions of 6 to 10 milliequiv. per kilo- 
gram have been noted after increases of approxi- 
mately 250 milliequiv. per square meter per day i in 
sodium intake.“ The latter values are equiva- 
lent to 15 to 25 per cent of adult body sodium 
stores. 5? 

Under conditions of acute illness, tendencies 
to retention of administered sodium may be in- 
creased, as stress, acting through the pituitary, 
prompts increased production of adrenocortical 
hormones.**** In sick patients, therefore, stress may 
take such precedence over change in body sodium 
content in influencing the behavior of the adreno- 
cortical-renal sodium excretion system as to favor 
excessive retention of salt and edema. 

Patients who accumulate excessive amounts of 
sodium usually develop one or more of the 

and signs listed in Section D of Table 
1. t Such signs develop when body sodium 
stores are increased above average normal levels by 
more than approximately 10 per cent. Surplus 
sodium may also displace potassium from body 
cells,***° predisposing to the manifestations of 
potassium insufficiency listed in Section E of Table 
1. Recognizing these facts, one group of clinical 
investigators has recommended that patients under 
stress be given not more than about 180 milliequiv. 
of sodium per square meter per day,“ and another 
group has urged that total vane r * be kept 
below the even more rigorous limit of 50 milliequiv. 
per square meter per day.“ 

On the basis of present information, 250 millie- 
quiv. per square meter per day seems a reasonable 
estimate of the upper limit of short-term body 
tolerance for sodium of a patient under stress. 
This is indicated by Curve E-E of Figure 1. 

Figure 1 suggested that it may not be possible to 
meet the minimum water needs (Curve B-B) of 
sick patients with isotonic (0.85 gm. per 100 cc. or 
300 m-osm. per liter) saline solution without ex- 
ceeding this limit of tolerance for sodium. Moreover, 
the figure calls attention to the fact that patients 
under stress given isotonic saline solution may 
become edematous even when the quantity adminis- 
tered is insufficient to satisfy minimum urine and 
insensible water requirements (see the V-shaped 

area lying beneath Curve B-B and to right of 
Curve E-E). Dilution of isotonic saline solution to 
one-half or one-third strength with dextrose solution 
largely eliminates this difficulty. Only about 2 


1103 
— 
duction of the adrenocortical hormones having 


liters of the former or about 1.5 liters of the latter 
type of fluid per square meter per day are needed 
to equalize minimum water losses of stressed 
patients (Curve B-B). 


Potassium Homeostasis 


The principles employed in estimating homeo- 
static limits of tolerance for potassium intake are 
basically the same as those used above for sodium. 
Body potassium content and serum potassium 
concentration homeostasis appear to be accom- 


to 100 Per Cent by 2 Patients with Diabetic Acidosis. 


static capacity. The light hori 5 


(Case 1 is on Nabarro et al. e Case 2 was studied by us. 


plished largely throv<h the actions of the adreno- 
cortical- renal 

Except under conditions of circulatory and renal 
insufficiency the limits of intake that may be 
considered compatible with body potassium homeo- 
stasis are thought to be approximately the same as 
those described above for sodium — namely, 10 to 
250 milliequiv. per square meter per day. 2,23. 41.42 
Abrupt loading experiments have shown that 
healthy people can increase their rate of urinary 
potassium elimination from ordinary levels of 50 


or 60 milliequiv. per square meter per day to 200 


milliequiv. within a period of three hours.“ 

The effects of stress upon body tolerances for 
potassium are quite different from those described 
above for sodium. With stress increased production 
of adrenocortical hormones acts to facilitate potas- 
sium excretion by the kidneys. Under conditions 
of reasonably good circulatory and renal efficiency, 
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this can lead to marked depletion of body potas- 
sium stores, especially when the intake of sodium 
is overly generous and that of potassium is 
poor.'-1#-2%43,44 The salient clinical manifestations 
of this state are outlined in Section E of Table 1.20 

When stress leads to circulatory collapse, with 
shock and marked oliguria or anuria, bodily capaci- 
ty to distribute and excrete administered potassium 
becomes markedly impaired, %s and even small 
doses of potassium may accumulate in the blood 
stream in toxic concentration. The clinical and 
laboratory changes that result are listed in Section 
F of Table 1. 


Comments on Sodium and Potassium Homeostasis 
The manner in which patients may repair 
sodium and potassium deficits while receiving treat- 


ment that falls within the homeostatic limits of 
tolerance of Figure 1 is exemplified by the metabolic 
data of Figure 2. The 2 subjects of these studies 
were suffering from dehydration and acidosis as a 
result of diabetic ketosis. The heavily lined areas 
indicate the respective rates at which sodium and 
potassium were administered. The lightly shaded 


1104 
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QURATION OF THERAPY, NOURS 120 
Ficure 2. Restoration 4 — Sodium and Potassium Content : 
100 — 
Throughout the three days of therapy, these patients were given ra — 
sodium and sium at rates that fell within the limits of homeo- ° 
as indicated 
40 ee 
20 40 80 8 0 20 40 % 6 
OURATION OF THERAPY, HOURS 7 
Ficure 3. Restoration of Body Sodium and Potassium Content 
(Based on ski et al.). 
During the first twelve to twenty-four hours of therapy these patients 
were pen sodium at rates — in excess *. upper limit 
of ¢ indicated in Figure 2. In addition potassium was 
withheld initially. 
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zones outlined by interrupted horizontal lines run- 
ning across these areas correspond to the limits of 
homeostatic capacity mentioned above. The series 
of points connected by a solid line show the changes 
in body sodium and potassium content that occurred 
during the first three days of treatment. In plotting 
these data, we assumed that the sodium and potas- 
sium content, respectively, of each patient had be- 
come restored to approximately normal levels of 
about 45 milliequiv. per kilogram of body weight“ 
by the end of the study. Percentage deviations from 
these values were then calculated from metabolic- 
balance data. It can be seen that the apparent so- 
dium and potassium deficits of these patients were 
repaired in a smooth, asymptotic manner. 

Figure 3 describes the response of 2 patients 
suffering from the dehydration of diabetic acidosis 
whose treatment during the first day of therapy fell 
outside the limits indicated above. During that 
day both patients received large amounts of sodium, 
but no potassium. In subsequent days the dosage 
of sodium was considerably reduced, and appreci- 
able quantities of potassium were given. In these 
patients values of body sodium content swung from 
a position of deficit to an equally abnormal position 
of surplus in the first day of treatment. Values for 
potassium content fell slightly during the first day 
when the sodium intake was large and the potassium 
intake nil, but rose rapidly during the subsequent 
days when the patient was treated with potassium 
as well as with lesser amounts of sodium. Until it 
can be shown that the types of change demonstrated 
in Figure 3 are advantageous to the patient, it 
appears preferable to strive for the type of recovery 
illustrated in Figure 2. 


Phosphorus Homeostasis 


With the aid of the parathyroid-renal system, 
normal persons are able to keep values for serum 
inorganic phosphorus concentration within normal 
limits, if the phosphorus intake is not less than about 
10 millimols (300 mg.) or more than about 65 
millimols (2000 mg.) per square meter per 24 
hours.“ After an abrupt change in phosphorus 
intake one or two days are required for normal 
persons to complete homeostatic adjustments in 
urinary phosphorus excretion.“ 

Inadequate intake of phosphorus results in a 
tendency to hy hat Although extreme 
degrees of hypophosphatemia are encountered quite 
often in patients recovering from diabetic acidosis, 
hypophosphatemia per se does not seem to give rise 
to any clearly defined clinical symptoms or disturb- 
ance in cellular or carbohydrate metabolism (Section 
G, Table 1). , 22, 2 The administration of more 
phosphorus than the body can satisfactorily handle 
leads to hyperphosphatemia, hyperphosphaturia 
and other changes, some of which are listed in 
Section H of Table I. 


Dextrose Homeostasis 


The ketonuria of fasting can be eliminated, and 
the losses of nitrogen and electrolytes incident to 
starvation can be minimized by the administration 
of about 75 gm. of dextrose per square meter per 
day.“ This quantity corresponds closely to the 
obligatory metabolic requirements for carbohydrates 
of the nervous system.“ 

The upper limit of tolerance for dextrose is taken 
as approximately 300 gm. per square meter per 


Ficure 4. Minimum of Ses Tolerance for 
Sodium, — Phosphate ant 


column represents the value for minimum need, and the total height 
of cach column indicates the value for maximum tolerance for the 
substance as discussed in the text. The top of each column is shown 
as a zone rather than a solid line to indicate that there is no 5 
dividing line between quantities that are physiologically 
and those that are excessive and toxic. The various symbols show 
the rate at which the substance in question was administered dur- 
ing the first day of intravenous therapy to — ae Ot ae 
ditions indicated. The solid black squares i 
sodium, re and phosphorus are being — when the sample 
multiple electrolyte solution is infused at a rate of 3.5 liters. per 
square meter per day. Administration of this solution at more and 
less rapid rates, respectively, leads to proportional upward and down- 
shifts in the position of these black squares. 


twenty-four hours. The administration of dextrose 
to dogs at more rapid rates leads to hepatomegaly, 
signs of liver failure and, eventually, hyperglycemia 
and death.** The rapidity with which these changes 
develop depends upon the extent to which the 
foregoing “ceiling value” for dextrose tolerance 
is exceeded. Dextrose given at a rate of approxi- 
mately 1000 gm. per square meter per twenty-four 
hours kills dogs within a few hours. Intermediate 
doses have caused death to occur within periods of 
three to twenty-five days. 


Discussion 
As outlined above, it appears possible to indicate 
at least approximately the limits of capacity of the 
systems concerned with body-water, sodium, po- 
tassium, phosphate and dextrose homeostasis. Under 
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circumstances where the homeostatic systems are 
functioning normally and when these substances 
are administered at rates that fall within the 
capacity of hemostatic function, one can expect 
patients to retain or reject these substances in ac- 
cordance with current needs. The ability to meet 
all types of circumstances as they arise will, of 
course, be greatest when water and solutes are 
given at rates that are appreciably above the lower 
and below the upper limit of tolerance for the par- 
ticular substance. 

One can conceive of a number of solutions that, 
infused at appropriate rates, should occupy such 


SAMPLE MULTIPLE ELECTROLYTE SOLUTION CONTAINING DEXTROSE 


a middle position. A sample solution of this type, 
currently under investigation on this service, is 
indicated in Figure 4. If this solution is adminis- 
tered at a rate of 3.5 liters per square meter per 
twenty-four hours, electrolytes, dextrose and water 
will be delivered as indicated by the respective 
positions of the black squares of Figures 4 and 5. 
Each of the other points of the various symbols 
plotted in Figure 4 represents the rates at which 
sodium, potassium and phosphate were adminis- 
tered during the first day of treatment to patients 
suffering, respectively, from dehydration with alka- 
losis due to vomiting, “ alkalosis secondary to post- 
operative potassium deficiency,» " dehydration 
with acidosis resulting from diarrhea“ or 
In these patients, value is that for the 
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diabetic acidosis and dehydration. * · 26. “5 Since 
all the patients recovered while receiving this 
therapy, the rates of administration shown must 
have been sufficient to meet not only normal but 
also the additional abnormal maintenance and re- 
pair requirements imposed by the disease con- 
dition. Such data suggest that when an appropriate 
potassium intake is provided it may seldom be 
necessary to administer more than about 150 milli- 
equiv. of sodium per square meter per day to sick, 
patients. 

Figure 5 is constructed similarly to Figure 1 
except that the inorganic solute content is com- 
posed of multiple electrolytes as depicted in Figure 4 
instead of simply sodium chloride as in Figure 1. 
Thus line E-E in Figure 5 represents the limits of 
tolerance for the total electrolytes of such a solu- 
tion. An infusion rate of 3.5 liters per square meter 
per day provides the water and various solutes of 
this solution at rates approximately midway between 


values for minimum need and maximum tolerance. 


In this connection, it is to be emphasized that there 
is no intention to recommend this particular solu- 
tion or this particular rate of administration. For 
instance, it is appreciated that it may ultimately 
prove advantageous to include such intracellular 
nutrients as magnesium, sulfate and amino acids. 

i however, has revealed that 2 liters per 
square meter per day of the solution described here 
is ample for patients who simply require mainte- 
nance therapy, whereas more than 3.5 liters per 
square meter per twenty-four hours is seldom 
necessary even for patients with large deficits or 
continuing losses. 

There are certain conditions that may limit the 
body’s ability to utilize such multiple electrolyte 
solutions safely and advantageously. The homeo- 
static limitations of newborn infants and of pa- 
tients suffering from advanced nephritis, cardiac 
failure, Addison’s disease, diabetes insipidus and 
hypoparathyroidism are well known. ver, 
the special problems in such cases indicate the 
difficulties encountered when the patient is de- 
pendent upon the wisdom of the physician rather 
than that of the body. 

A somewhat more common limitation is apt to 
occur during periods when patients are under the 
influence of morphine and its derivatives or the 
barbiturates.*.“ These agents stimulate the pos- 
terior pituitary gland to secrete antidiuretic hor- 
mone regardless of bodily needs for water elimina- 
tion. As a consequence, there may be a temporary 
loss of ability to increase urine water concentration 
above relatively low values. Substitution of a 
representative value such as 2 cc. per milliosmol 
for @ in the formula presented above in connection 
with Figure 1 yields a line that falls slightly below 
Curve B of Figures 1 and 5. This means that under 
these circumstances administration of dextrose in 
water solution at a rate of more than approximately 
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CONTENT OF Iv SOLUTION 
Ficure 5. Minimum Requirement and Maximum Tolerance for 
the Sample Multiple Electrolyte Solution Described in Figure 4. 
Administration of this solution at a rate of 3.5 liters per square 
in- 
dicated by the square located near the center of on 4. (See 
text for descriptioe comments.) 


Vol. 248 No. 26 HOMEOSTATIC LIMITS TO PARENTERAL FLUID THERAPY — TALBOT ET AL. 


1100 cc. per twenty-four hours (45 cc. per hour) 
per square meter may induce water intoxication. 
For instance, the administration of 2 liters per 
square meter for twenty-four hours would result 
in a 5 per cent increase in the body-water concen- 
tration of a person weighing 30 kg. — an increase 
sufficient to produce signs of toxicity. This risk 
of water intoxication, which is greatest when plain 
dextrose and water solutions are used, may be 
reduced to small proportions by the addition of 
100 or more m-osm. of inorganic solute (for example, 
50 milliequiv. of total base) to each liter of solution. 

Finally, patients often suffer temporary impair- 
ment of homeostatic function as a result of marked 
dehydration with reduction of circulatory and renal 
efficiency. In such cases it is our custom at present 
to postpone use of multiple electrolyte solution 
until the patient’s circulatory and renal efficiency 
has been at least partially restored by means of a 
simple saline and dextrose infusion. Ordinarily, 
one can accomplish this within one or two hours 
by administering at a rate of about 8 cc. per square 
meter per minute a solution made up of four parts 
of 5 per cent dextrose in water plus six parts of 5 
per cent dextrose in 0.85 gm. per 100 cc. of saline 
solution. This solution contains per liter 90 milli- 
equiv. of sodium and 90 milliequiv. of chloride or 
a total of 180 m-osm. of inorganic solute. Under 
circumstances of anemia or hypoproteinemia, a 
transfusion of 300 cc. per square meter may also 
be indicated. 

Summary AND CONCLUSIONS 


The limits of capacity of the body’s homeostatic 
systems to conserve and to eliminate water, sodium, 
potassium, phosphate and glucose are described in 
approximate terms with the aid of diagrams. Con- 
sideration of these limits and of the effects of ex- 
ceeding them in parenteral fluid therapy leads to the 
following conclusions: 

Simple dextrose solutions are apt to induce water 
intoxication in anyone if given more rapidly than 
2700 cc. per square meter per twenty-four hours 
(110 cc. per square meter per hour). The danger 
of inducing water intoxication is increased con- 
siderably when patients are given such commonly 
used drugs as morphine or its derivatives or bar- 
biturates. Under this circumstance tolerance for 
simple dextrose solution may be reduced to 1100 cc. 
per square meter per twenty-four hours. The addi- 
tion of as little as 80 m-osm. of inorganic solute (for 
example, 40 milliequiv. of total base) per liter of 
dextrose solution will increase tolerance severalfold. 

Isotonic saline in dextrose solution is incapable 
of causing water intoxication. On the other hand, 
this solution is so rich in inorganic solutes and so 
poor in physiologically free or available water the t 
as much as 5 liters per square meter per twenty- 
four hours may be required to meet the minimum 


maintenance water requirements of patients under 
severe stress. The administration of this much 
sodium chloride (43 gm. or 750 milliequiv. per 
square meter per day) is apt to induce excessive 
edema formation. In fact, patients under severe 
stress given isotonic saline solution can paradoxically 
show excess sodium chloride and water retention 
(edema formation) while suffering at the same time 
from water deficit as evidenced by hypertonicity 
of body fluids and oliguria. 

The difficulties inherent in the parenteral use of 
either solutions of dextrose in wate: or dextrose in 
isotonic saline can be reduced by the use of one- 
half to two-thirds isotonic saline in dextrose 
solution (that is, two parts of dextrose in saline 
solution plus either one or two parts of dextrose in 
water). Such solutions appear suitable for the 
initial hydration of most severely sick patients. 
However, these solutions are inadequate for pro- 
longed therapy because they lack ions essential for 
repair of intracellular deficits. 

Solutions containing intracellular (K. PO) as 
well as extracellular (Na, Cl, HCO,) ions in physi- 
ologically tolerable amounts can easily be con- 
structed. The results obtained to date by infusion 
of hypotonic multiple electrolyte solutions at rates 
of from 1.5 to approximately 3.5 liters per square 
meter per twenty-four hours suggest that they may 
have wide usefulness in helping patients with 
basically normal endocrine-renal homeostatic sys- 
tems to cure themselves of disturbances in fluid 
and electrolyte metabolism. 

Although the limitations in the use of such solu- 
tions in the treatment of patients with marked re- 
duction in homeostatic function remain to be de- 
fined, the application of the principles considered 
in this paper to the parenteral and dietary therapy 
of patients with severe limitation in renal function 
should be apparent. 
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MEDICAL INTELLIGENCE 


DEATH ASSOCIATED WITH HEXAMETH- 
ONIUM AND 1-HYDRAZINOPH- 
THALAZINE (APRESOLINE) THERAPY* 


Metvin I. Kuayman, M. D., Norman R. Sand, 
M. D., f anv S. Karten, M. D. 


a ganglionic blocking 
agent, has recently been introduced in the 
therapy of hypertension. The effectiveness of sympa- 
thetic blockade determines its hypotensive proper- 
ties; the undesirable side effects result, for the most 
part, from blockade of parasympathetic ganglions. 
The present report describes a fatal case that 
followed hexamethonium administration; the con- 
current use of another new hypotensive drug, 
1-hydrazinophthal (Apresoline) probably mili- 
tated against successful correction of the autonomic 
derangement consequent to hexamethonium. 


Case Report 
P. T. (M 37633), a 56 7 
. year-old woman, was admitted 


29 


hyperten- 
sion ( pressure 240-250 ic, 100-110 diastolic) 
for 8 years, and had had an epi of prolonged pain 
5 years before admission angina pectoris. Because 
of severe headaches and persistent h , hexamethonium 
chloride administration was months before i i 
The initial dosage of 125 mg. orally 4 times daily was gradually 
increase to 500 mg. orally 4 times daily 3 monthe belore 
admission. I-hydrazinophthalazine was added 1 month before 


; 


stool, which was followed by diarrheal move- 
and, subsequently, by incontinence of feces. No bloody 
i Israel Hi and he 
chict medical recident, Beth Hospital. 
Medical School; assist 
— Harvard 3 ant 


MEDICAL INTELLIGENCE — KLAYMAN, SILBERG AND KARLEN 


or tarry material was noted in the stool. Her found 
the blood pressure to be 80/50. At no time have chest 


pain, sweating, cough, dyspnea or cyanosis. 

Physical examination revealed an obese, lethargic, acutely 
ill woman. There was no pallor, cyanosis or sweating. There 
were no external signs of cranial injury. The pupils were of 
moderate size, round and equal, and did not react to light. 
Extraocular movements were normal. The fundi showed only 
arteriosclerotic vessel chan There was no facial asymmetry, 
and the tongue protruded in the midline. The neck was supple; 
the cervical veins were not di were clear. 


24 units, and the rotein nit 52 mg. per 100 cc. 
showed bradycardia with a 


ited brown, guaiac-negati 

smelling material. Fecal incontinence continued; the 
brown and guaiac negative. A roentgenogram of the abdomen 
showed a moderate amount of gas in the small age 1 bowel. 
ttempt to a Harris t a Levin 
Crown wich fecal 
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art was slightly enla and the cardiac sou 
inaudible. The abdomen was obese and doughy; no masses 
or oreans could he felt. There was a mild generalized tender- 
ness, but no rigidity or spasm; peristaltic sounds were absent. 
The peripheral pulsations were all palpable. The cranial nerves 
were normal, and the deep tendon reflexes equal. Babinski 
and Hoffmann signs were absent. 

The blood pressure was 50/30. The temperature was 101°F., 
the pulse 46, and the respirations 20. 

Examination of the blood disclosed a hemoglobin of 16 gm. 

100 cc. and a white-cell count of 1 12 
BOSTON 
rate ’ -axis and a interva 
second. The T waves were inverted in Leads 1 and aVL. There 
were notched R waves of small amplitude in Ve. 

The patient was immediately placed in the Trendelenburg 
position and given a rapid intravenous infusion of 5 per cent 
dextrose in water containing 4 microgm. of se per 
cubic centimeter (1 ampoule of 4 mg. per liter). blood 
5 rose - to 70/50, and the heart rate to 60. 
odor was obtained by suction during the next 12 hours. Cathe- 
terization of the bladder yielded 30 cc. of urine shortly after 
admission and none thereafter. : : 

No further response to the initial dosage of nor-epinephrine 
was observed, and the concentration was raised to 32 microgm. 
per cubic centimeter, with no additional blood-pressure re- 
sponse. Prostigmine, 1 mg. B every hour, was 

to started to stimulate peristalsis. Despite these measures, the 

- a ; of patient became progressively less responsive, comatose and 

tachypneic. The blood pressure became unobtainable 14 hours 

after admission, and she died 1 hour later. At no time during 

he hospital stay were any peristaltic sounds heard, nor was 
admission, at first in a dosage of 10 mg. orally 4 times daily, 
with a gradual increase to 25 mg. 4 times daily 3 weeks before 
entry. However, monthly determinations were 
. K supine or 200/90 in the sitting 
position. Concurrently, digitalis leaf, 0.1 gm. by mouth daily, 
and phenobarbital, 15 mg. 4 times a day, had been administered. 
During these 5 months, there was no syncope, dizziness, 

incontinence, urinary retention or constipation. : : 

For 2 days before admission the patient had had no bowel leukocytes. Connected to the mucosa by pin-point attachments 
movement. The last dose of both drugs had been taken 16 was a pseudomembrancf — TE 
hours before entry. On the evening before admission, she Sections from the descending colon numerous 
experienced mild abdominal distress. Several hours later she  polymorphonuclear leukocytes in the submucosa and the mus- 
was awakened from sleep by severe abdominal pain, marked cularis. 
dizziness and a sensation of “blacking out.” An enema yielded a The lungs showed moderate pulmonary edema, congestion 

and focal atelectasis, most marked in the right lower lobe. 
The pulmonary vessels were free of thrombi. 

The heart weighed 520 gm. Dissection of the coronary ves- 
sels by the Schlesinger method‘ revealed several arteriosclerotic 
narrowings of both coronary arteries and a complete old oc- 

$Performed by Dr. Nadya Konikov. 

12 may have been related to the prolonged period 


clusion at the origin of the septa! branch of the right coronary 
artery. Sections of the myocardium disclosed 
of the fibers and some increase in acellular fibrous tissue in the 


septums. 
Examination of the brain was not performed. 
The final autopsy diagnoses were paralytic ileus of the small 
; pseudomembranous enteritis; interstitial inflamma- 


mild; and congestion and edema of the lungs 
of the right lower lobe. 


Discussion 


The development of paralytic ileus and shock 
was consistent with hexamethonium toxicity. Since 
a significant portion of the ingested drug is excreted 
in the feces,“ the absence of normal bowel move- 
ments for two days favored increased absorption of 
the drug.“ The clinical syndrome of hexamethon- 
ium poisoning appears to be quite specific, with 5 
reports . showing features almost identical to 
those in the case described above. The sequence of 
constipation, paralytic ileus and shock was present 
in all. In these 5 cases death resulted from paralytic 
ileus. 1 Postmortem examinations showed, as 
in our patient, only gastrointestinal distention. It 
appears that I-hydrazinophthalazine can be ex- 
cluded as a cause of the development of paralytic 
ileus. However, the shock observed in the patient 
may have been related to the combined action of 
hexamethonium and 1-hydrazinophthalazine. 

The syndrome of he duced para- 
lytic ileus must be considered in the differential 
diagnosis of intestinal obstruction and shock. In 
several reported cases, the diagnosis of intestinal 
obstruction due to internal herniation or mesenteric 
thrombosis has led to unnecessary operation. Simi- 
larly, a surgical consultant who saw our patient 
believed the diagnosis to be acute mesenteric throm- 
bosis and advised that operation be undertaken as 
soon as the patient’s condition permitted. The 
unreactive pupils and the lack of sweating, how- 
ever, indicated the effects of a powerful parasympa- 
thetic blocking agent. The absence of blood in 
the stool was also helpful in indicating the correct 
clinical diagnosis. 

It appears that drug retention and toxicity may 
be avoided by the prevention of constipation. Ca- 
thartics or enemas should be instituted whenever 
a hexamethonium-treated patient has had no bowel 
movement: for twenty-four hours. Although cholin- 
ergic drugs have been utilized for the alimentary- 
tract reactions, it should be emphasized that further 
lowering of the blood pressure by generalized 
vasodilatation may occur. 

Effective countermeasures against the toxic hypo- 
tensive reactions to combined therapy have not 
been reported. Shock due to hexamethonium is 
counteracted by sympathomimetic drugs with pure 
vasoconstrictive action such as nor-epinephrine and 
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phenylephrine (Neosynephrine). Epinephrine is 
contraindicated. It is striking, however, that 
infusion of a high concentration (32 microgm. 
per cc.) of nor-epinephrine was unsuccessful in our 
patient. This may have been due to the previous 
administration of I-hyd inophthalazi It has 
been demonstrated in animals that 1-hydrazinoph- 
thalazine in a limited dosage range inhibits the 
pressor response of nor- epinephrine.“ No studies 
have been reported on this subject. 

Since the absorbed hexamethonium™ and possi- 
a I-hydrazinophthalazine“ are excreted through 

the kidney, anuria maintains high plasma levels and 
perpetuates toxicity. Artificial dialysis was con- 
sidered in the case reported above but was not 
instituted because of the critical clinical status. 
Information concerning the dialyzability of these 
drugs would be of interest in view of the serious 
nature of the toxic reactions. 

When drugs with such potent side effects are 
used, physicians and patients should understand 
their mode of action and potential risk to prevent 
deaths such as that recorded above. In view of 
the diagnostic and therapeutic problems, it might 
be wise for patients receiving these drugs to carry 
a card indicating the drugs and dosages. 


Summary AND ConcLusIoNns 


A fatal case of shock and paralytic ileus in a 
hypertensive patient treated with hexamethonium 
chloride and 1-hydrazinophthalazine (Apresoline) 
is reported. Differential diagnosis and corrective 
measures are briefly discussed. 

Knowledge by physicians of the pharmaco- 
dynamic effects of these drugs is required; it is also 
necessary that patients be informed of the early 
side effects. Cathartics or enemas should be in- 
stituted when a patient under hexamethonium 
therapy has had no bowel movement for twenty- 
four hours. 
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Medicine and Social Policy — Exhibition of 
Medical Photography — 25-Year 
Follow-up Report 


Joun Lister, M. D. 
LONDON, ENGLAND 


oe discussions on medicine and 
ial policy are so often clouded by the 
political aspects of the problem as they affect the 
doctor and his patients that it was refreshing to 
hear Professor F. A. E. Crew, F. R. S., treat the 
subject in a purely objective and philosophic man- 
ner in the Sir Charles Hastings Memorial Lecture 
at B. M. A. House. 

Professor Crew traced the State’s growing ap- 
preciation of its responsibility for the health of the 
people from the time that a commission was ap- 
pointed in 1832 to enquire into the Poor Laws right 
up to the formation of the Ministry of Health in 
1919 and the National Health Service Act of 1946. 
He showed how medicine had become separated 
into two great fields, the first being the province of 
the medical profession and concerning diagnosis, 
prognosis and treatment, and the second the prov- 
ince of local and central government and being 
chiefly concerned with public health and preven- 

As the Government and the profession have 
realized the importance of preventive medicine, so 
have they realized the value of educating the people 
in ways of healthy living. It has been said that if 
health is every man’s duty it must also be every 
man’s quest, and Professor Crew stressed the fact 
that no government can impose a regimen of health 
on a disinterested population. 

Sanitation, vaccination, immunization and, more 
recently, the antibiotic drugs have all helped to 
eliminate the great epidemic and infectious diseases, 
and this has been reflected in the Registrar Gen- 
eral’s statistics. In the last hundred years the crude 
death rate in Great Britain has been reduced by 
half, the mortality of children under ten reduced to 
less than a sixth and the normal life expectancy in- 
creased from forty to sixty-five years. 

On the other hand, this conquest of infectious 
disease has brought other conditions forward as 
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the major causes of death: cardiovascular disease 
now accounts for a third of all the deaths, and can- 
cer, violence and tuberculosis together claim an 
equal number. Another group of diseases that have 
come forward are those which Professor Crew 
considers to represent “symbolic sickness.” He sug- 
gested that man’s development from the primitive 
to the modern has necessitated a reorientation, of 
which all have not been equally capable. Thus, the 
symbolic sickness or psychosomatic diseases have 
appeared and represent the “dramatized discontent 
borne of disharmony, the malaise of maladjust- 
ment.” 

Professor Crew thought it would be calamitous 
to rob man of the luxury of these diseases because 
for some there is no escape from the modern world 
except by the narrow neck of the medicine bottle. 
He suggested that health is partly a matter of the 
spirit of man and represents a state of harmony 
within oneself and between oneself and the ex- 
ternal world. 

Finally, he stressed the medical advances of the 
century that have led to a rising mean age of the 
population. Society’s will is that life should be pro- 
longed and if the quest for knowledge into vascular 
and neoplastic disease is successful, the span of life 
may be extended even farther. If this occurs the 
differences between chronologic age and physio- 
logic age will need to be adjusted, and Professor 
Crew thought that as a counterpart to the child- 
guidance clinic, which teaches one how to enter the 
stage, a id clinic will be needed 
to teach one how to leave! 

The Royal Photographic Society has just held, 
as part of its centenary celebration, an exhibition 
of medical photography. Historically, the use of 
the camera in medicine is interesting, and although 
I mention his name with great trepidation (since 
once more it seems to be in connection with some 
kind of record) it was apparently William 
Cheselden who was one of the earliest members of 
the profession to use any form of camera. The 
Oxford English Dictionary gives 1727 as the earliest 
date of any reference to the camera obscura. In 
Cheselden’s famous book, Osteographia, or the 
Anatomy of the Bones (London, 1733) the frontis- 


1111 
piece at this instrumer 
drawing a skeleton hanging from a tripod. A later 
page of the text then describes the instrument as 
follows: 

About six inches within that end where the draftsman sits, 
is fixed the table glass, upon the rough side of which he 
draws with a black-lead pencil, which he afterwards traccs 
off upon paper, towards the other end, in a sliding frame, 
is put the object-glass, which being moved backward or 
forward, makes the picture bigger or less, and the inside 
of the case is made black to prevent reflections of light. 


The recent exhibition was designed to illustrate 
how the great advances in photography since the 
days of this pioneer instrument have been used in 
the medical photographic department. The ideal 
hospital department was described, and exhibits 
included reproductions of radiographs, retinal 
photographs, photomicrography, and demonstra- 
tions of the technic for endoscopic and intraperi- 
toneal photography. It was urged that more use 
should be made of the medical photographer in the 
belief that many doctors seem unaware of the 
many ways in which he can help in the recording 
of cases. 


In the years 1923-1926, 899 medical students 
graduated from the University of Glasgow, and all 
those still alive in 1950 received a questionnaire 
from some of their number who thought it would 
be interesting to make a twenty-five-year follow- 
up study of their contemporaries. The results of this 
questionnaire were presented in 1951 at a reunion 
that celebrated the quin-centenary of the univer- 
sity’s foundation. Meiklejohn* has just presented 
a full analysis of the results. 

Of the 800 graduates who had survived the quar- 
ter century, 385 returned the questionnaire with 
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answers to 25 searching questions on their life and 
opinions; 59 per cent were in general practice, and 
18 per cent had become consultants. In spite of Dr. 
Johnson’s dictum that the fairest prospect for a 
Scot is the broad highway to England, 40 per cent 
of the doctors in the group were still in Scotland, 
with 52 per cent in England and Wales and 8 per 
cent abroad. Three quarters were married within 
ten years of graduation, and 90 per cent by the 
time of the inquiry. 

Concerning their health, 50 per cent stated that 
they had had no serious illness since graduating, 
and of those who had suffered illness, the predomi- 
nance was of gastrointestinal affections, appendi- 
citis, cholecystitis and peptic ulcer being most com- 
mon. The only statistically significant cause of 
death among the 99 who had died was violence. 
Excluding 5 war casualties, there were 20 deaths 
from this cause (violence, 7, drowning, 5, and poi- 
soning, 8). The total number of deaths from heart 
disease was not significantly raised, but the number 
certified as due to coronary thrombosis (9) seemed 


Almost all the -doctors had found medicine a 
satisfying way of life and the British Medical 
Journal has suggested that it would be interesting 
if other medical schools made follow-up investi- 
gations among their old students, so that a real 
picture could be built up of the doctor as a man 


— A. Twenty-five years in medicine. Brit. . J. 1:930-952, anda member of the munity. 
E Massacuusetts Puysicians Art 


16. “Tufts Jumbo” 


Exbibited in First American Physicians 
Art Exbibit, 1938 


Sculpture by 
Sipney C. Wicorn, M.D. 


President, Massachusetts Physicians Art Society; 
Anesthesiologist, Boston City Hospital. 


high. 
| | SociETY 
— 
tug 4 
. 
+ 
4 
= 


Vol. 248 No. 26 


CASE RECORDS OF THE 
.. MASSACHUSETTS GENERAL HOSPITAL 


Weekly Clinicopathological Exercises 


FOUNDED BY RICHARD C. CABOT 
Benjamin Castiteman, M.D., Editor 
VindixiA W. Towne, Assistant Editor 


CASE 39261 
PreseENTATION or CasE 


First admission. A twenty-two-year-old stenog- 
rapher was admitted to the hospital for re-evaluation 
of hypertension. 

Six years previously the patient was thrown from 
a wagon when the horse ran away. She sustained 
injuries to the right arm and right side of the chest 
and was admitted to another hospital, where the 
diagnosis of ruptured right kidney was made, on the 
basis of gross hematuria and x-ray findings. The 
blood pressure on admission was 100 systolic, 80 
diastolic. An intravenous pyelogram was normal 
except for an incomplete outline of the right kidney 
and marked deformity of the pelvis and major and 
minor calyxes. The patient was discharged after a 
month although hematuria was said to have per- 
sisted for about two months but to have gradually 
decreased in amount. The blood pressure at the time 
of discharge was not known. 

Subsequently, she had urinalyses every six months 
and had no recurrence of hematuria until about 
four years later, when she began to complain of a 
low backache radiating around anteriorly. On sev- 
eral different occasions the urine was found to con- 
tain “a great deal of albumin and many red blood 
cells,” and the blood pressure, although usually 
normal, rose to 150 systolic, 100 diastolic. There 
was no history of nausea or vomiting and no changes 
other than slight headache, which seemed to be 
associated with the periods of transient hyperten- 
sion. She was again admitted to the other hospital 
for study. Significant findings on physical examina- 
tion were slight resistance in the right upper abdo- 
men, with much tenderness, especially on deep 
inspiration, and some tenderness posteriorly over 
the right kidney. The urine examination on two 
occasions revealed a specific gravity of 1.017, a few 
red cells and white cells and no albumin. The sedi- 
mentation rate was 4 mm. per minute, and the 
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serum nonprotein nitrogen 29 mg. per 100 cc. Rou- 
tine hematologic studies were negative. An intra- 
venous pyelogram was normal except for slight 
blunting of the calyxes of the upper pole of the 
right kidney. 

Three years and one year before admission ec- 
chymoses of the arms and legs had appeared spon- 
taneously or after minimal trauma and were said 
to have been associated with albumin and white 
blood cells in the urine. The purpura disappeared 
after treatment with pills of a type unknown to 
the patient. She was again admitted to the hospital, 
where a thrombocytopenia was said to have been 
discovered. The bleeding and clotting times were 
normal. The blood pressure on that admission was 
reported to have been 160 systolic, 120 diastolic. On 
subsequent visits to her physician she was found to 
have blood-pressure readings between 150 systolic, 
110 diastolic, and 160 systolic, 120 diastolic. Since 
childhood she had been bothered by recurrent head- 
aches, which had become increasingly frequent and 
severe in the year or so before admission. About 
nine months before admission, when she was re- 
ferred to the Hypertensive Clinic of this hospital, 
she appeared healthy. Ophthalmologic examination 
was negative. There were fading ecchymotic areas 
over both forearms and upper and lower legs. The 
general examination was otherwise completely nega- 
tive. The temperature, pulse and respirations were 
normal; the blood pressure was 160 systolic, 110 
diastolic. 

A catheterized specimen of urine was light yellow, 
had a specific gravity of 1.020 and gave a + + test 
for albumin; the sediment contained 2 to 3 white 
cells per high-power field and a few bacteria but no 
red blood cells. Urine culture revealed rare colonies 
of Staphylococcus albus. Examination of the blood 
showed a hemoglobin of 13.4 gm. per 100 cc. and a 
white-cell count of 7300, with a normal differential. 
The nonprotein nitrogen was 15 mg. per 100 cc. A 
tourniquet test produced 32 petechiae in a 5-cm.- 
wide area on the right forearm. An electrocardio- 
gram was normal. The patient refused admission to 
the hospital and was reluctant to have any further 
studies. 

One month and two months later, when she re- 
turned to the Clinic, the blood pressure was found 
to be about the same as on the previous visit. An 
intravenous pyelogram was interpreted as being 
normal (Fig. 1), and a benzodioxane test was nega- 
tive. During the following months before admission 
headaches were her chief complaint although she 
also experienced increasing fatigability in the after- 
noon. 

Physical findings on admission were unchanged 
except that there was no purpura at this time. The 
temperature was 98.6°F., the pulse 100, and the 
respirations 20. The blood pressure was 192 systolic, 


> 
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132 diastolic. A twenty-four-hour specimen con- 
tained less than 0.2 gm. of Esbach’s protein. Urine 
culture was negative. The hemoglobin was 14.7 gm. 
per 100 cc. During the first several days in the hos- 
pital hourly readings of the blood pressure revealed 
that it ranged from 130 to 160 systolic and 92 to 
120 diastolic. After the patient was given a trial 
dose of 0.13 mg. of protoveratrine intravenously the 
blood pressure dropped from 170 systolic, 116 dia- 
stolic, to 100 systolic, 58 diastolic. This was ac- 
companied by few unpleasant effects, and thera- 


Ficure 1. /ntravenous Pyelogram. 
Arrows point to the small right kidney. 


peutic doses were begun. She was discharged a week 
later to the care of her physician and the Hyper- 

Final admission (one and a half years later). She 
was readmitted to the hospital because of progres- 
sive loss of vision during the previous two weeks. 

Since the last admission she had headaches on 
the average of one out of every three days. These, 
which she graded as dull or mild to extremely severe, 
were generally frontal in location, were worse on 
the right side and lasted hours to a day. They were 
frequently present and most severe in the early 
morning. Often they began as a dull ache and grad- 
ually became severe and stabbing after a few hours. 
They were occasionally associated with nausea and 
photophobia. Some relief was afforded by Seconal, 
but none by ergotamine. Except for a period of 
about two months, during which the headaches were 
worse, the patient had received about 0.5 mg. of 
protoveratrine four times a day, with minimal un- 
pleasant effects. The details of the blood-pressure 
response to this treatment were unknown, but it was 
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estimated that there was 50 per cent improvement 
in the headaches. Six months before admission the 
blood pressure was recorded as 190 systolic, 130 
diastolic. On that occasion fluoroscopic examina- 
tion disclosed a vertically positioned but enlarged 
heart. On ophthalmologic study the borders of the 
optic disks were noted to be blurred. During the 
six months before admission there was increasing 
malaise, fatigability, nosebleeds and dyspnea, but 
the patient continued working until about two weeks 
before admission, when the appearance of ankle 
edema, dyspnea, anorexia and blurred vision forced 
her to bed. In the two days before admission she 
vomited repeatedly and her vision became worse. 

Physical examination disclosed a woman who 
appeared chronically ill and who was pale and thin. 
There were ecchymoses of the lower legs and hemor- 
rhagic crusts in both nostrils. There were oblitera- 
tion of disk margins, tortuosity of retinal arterioles 
and a few scattered exudates and one linear hemor- 
rhage in the right retina. The venous pressure was 
slightly increased, but no peripheral edema was 
noted. The heart was enlarged, the border of dull- 
ness extending 12 cm. to the Jeft of the midsternal 
line in the fifth interspace. There was a soft, Grade 
2, apical systolic murmur and an early diastolic 
blowing murmur along the left sternal border. Ex- 
amination of the lungs and abdomen was negative, 
as was neurologic examination. 

The temperature was 98.8°F., the pulse 112, and 
the respirations 24. The blood pressure was 240 
systolic, 130 diastolic. 

The urine had a specific gravity of 1.015 and gave 
a ++-+-+ test for albumin; the sediment contained 
0 to 2 white cells, 1 to 3 ne ee 

anular casts per high-power rine re 
— negative. Examination of the blood showed 
a hemoglobin of 9 gm. per 100 cc. and a white-cell 
count of 11,300, with a normal differential. The 
platelets were estimated to be adequate. The non- 
protein nitrogen was 94 mg. per 100 cc.; the sodium 
was 131 milliequiv., the potassium 4.8 milliequiv., 
the chloride 90 milliequiv., and the carbon dioxide 
25 milliequiv. per liter. The blood pH was 7.43. 
An electrocardiogram indicated a regular rate of 
100 per minute, a PR interval of 0.16 second and a 
QRS interval of 0.10 second; the R waves in Leads 
2, 3, VF and V. were high, the S waves in Lead 
V. diphasic, and the T waves in Lead V. low and 
those in Leads V. and V. slightly peaked. X-ray 
films of the chest showed an enlarged heart, a tor- 
tuous aorta, evidence of congestive heart failure at 
both lung bases and pleural fluid at the right base 
(Fig. 2). ‘ 

On the second hospital day the patient complained 
of severe headache, vomited repeatedly and became 
very drowsy. A slight weakness of the right facial 
muscles was noted. The pulse was 112, and the 
blood pressure 270 systolic, 140 diastolic. She did 


+ 


Vol. 248 No. 26 


not improve on intravenous administration of pro- 
toveratrine. Twenty-four hours later a neurologist 
noted her to be unresponsive to verbal command, 
with a flaccid right hemiparesis and bilateral Babin- 
ski signs. A lumbar puncture disclosed an initial 
spinal-fluid pressure equivalent to 160 mm. of water; 
the spinal fluid contained no white cells and 3 red 
cells per cubic millimeter and a total protein of 104 
mg. per 100 cc. Over the next several days the pa- 
tient became comatose, the respirations irregular, 
and the temperature subnormal. The blood pressure 
fell to 120 systolic, 80 diastolic, and she became 


oliguric. The nonprotein nitrogen was 250 mg. per 


Ficure 2. Roentgenogram of the Chest. 


100 cc., and the serum sodium 121 milliequiv., the 
potassium 7.3 milliequiv., and the carbon dioxide 
12.3 milliequiv. per liter. 

On the ninth hospital day rales developed at both 


lung bases and respirations became shallower. She 


was found dead in bed on the next morning. 


DirFerenTIAL Diacnosis 


Rosert Witxins*: May I see the x-ray 

Dr. Josepn Haneuin: I do not have the original 
pyelograms made at the time of the injury; the 
set of pyelograms that I do have were made a little 
more than two years before death and show a small 
right kidney and a normal left kidney. The dye is 
excreted well on both sides and appears simultane- 
ously in the two kidneys. I do not think there is 
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any marked distortion of the calyceal pattern except 
slight blunting of the superior calyxes on the 5 ow 

side as described in the protocol (Fig. 1). 
two years later, presumably at the time of — 1 
admission, the kidneys are not too well shown; the 
patient has obviously lost intra- abdominal and sub- 
cutaneous fat in the interval. I suspect the kidneys 
are about the same in size. The chest films show a 
definitely enlarged heart, with a hypertensive con- 
figuration, a tortuous aorta, evidence of congestive 
heart failure at both lung bases and slight increase 
in pleural fluid at the right base (Fig. 2). 

Dr. Wix ms: There are many interesting points 
in the history of this young woman, who died of 
hypertension at the age of twenty-four. Indeed, one 
of the most important points is that she did die of 
her disease at such an early age. The course of the 
disease so far as time is concerned is important. 
At the age of sixteen she had suffered a traumatic 
rupture of the right kidney. At the age of twenty 
she had begun to complain of symptoms suggesting 
pyelonephritis and had had the first appearance of 
an intermittently elevated blood pressure associated 
with headaches. Within the next year or so the 
blood pressure became more elevated, particularly 
the diastolic pressure, but the eye grounds and the 
electrocardiogram remained normal. She then had 
the onset of a common symptom, in fact the most 
common symptom, of hypertension — namely, easy 
fatigability — and on admission to this hospital was 
found to have a diastolic pressure above 130. Al- 
though the blood pressure varied considerably in 
the hospital it never became normal except after the 
use of veratrum. She was discharged on this drug, 
but the actual course of the blood pressure over the 
next year and a half was unknown. Six months be- 
fore death she stated that the headaches had become 
severe, were occasionally associated with nausea and 

photophobia and were relieved somewhat by vera- 
trum. Within the last six months of her life the sit- 
uation deteriorated rapidly, with progressive en- 
largement of the heart, retinopathy, malaise, fatig- 
ability, nosebleeds and shortness of breath followed 
by dependent edema, anorexia and blurred vision. 

Physical examination confirmed the impression 
derived from the history that she was in the terminal 
stage of the disease, with marked elevation of the 
blood pressure, myocardial enlargement and pro- 
gressive renal failure. She had a cerebral actident, 
became comatose and died. 

There are some important unknown facts in the 
patient’s history as given. Was there a family hist- 
tory of hypertensive cardiovascular disease? This is 
not an irrelevant point since we know that this pa- 
tient had a history suggestive of renal hypertension. 
Platt,? in England, found that patients with sup- 
posed renal hypertension are not, as a rule, relieved 
of their hypertension by removal of a single disease 
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kidney, if they also have a strong or definite family 
history for essential hypertension. 

Dr. Benyamin CastLeman: The patient’s father 
died at the age of sixty; he had heart trouble and 
hypertension. Her mother was still living and well, 
and four siblings had no renal or vascular disease. 

Dr. Witxins: I think Dr. Platt would accept 
that as “one plus” by his criteria — that is, one 
parent had hypertension; therefore, even if he 
had been quite certain that this woman’s disease 
early had been confined to one side, he might have 
been somewhat less enthusiastic about removing the 
diseased kidney than if there had definitely been 
no hypertension in the family. In his review only 1 
out of 11 patients with a definitely positive family 
history for hypertension was relieved by removal 
of the diseased kidney, whereas 8 of 12 cases with a 
negative family history for hypertension were re- 
lieved by removal of the unilaterally diseased kidney. 
Pat another way, it would be uncommon indeed for 
essential hypertension of this severity to have ap- 
peared at this age unless there were a strong family 
history of the disease, and I personally think 
stronger than the indication of a father who died at 
the age of sixty. In the absence of a strongly posi- 
tive history one naturally seeks another cause. 

It is obvious that the physicians who took care 
of the patient thought of the possibility of pheo- 
chromocytoma, which cannot be absolutely ruled out 
even with a negative benzodioxane test. However, 
in my opinion, we have adequate explanations for 
the course without including this diagnosis, and so 
I prefer not to make it. 

Another fact that I should like to know is the 
course of the renal failure. We have little informa- 
tion about the reserve of renal function before the 
terminal events. We do know that she had a normal 
nonprotein nitrogen within two years of her death. 
It would have been helpful to know what the renal- 
function capacity was as measured by some clear- 
ance technic, even by a fractional phenolsulfoneph- 
thalein test. This is important because although the 
terminal course suggested renal failure it is difficult 
to rule out the possibility that myocardial failure 
contributed significantly to the apparent renal fail- 
ure. Granting that it did, I still think that the degree 
and progression of the terminal events suggest a 
malignant phase of hypertension and indicate that 
terminally the kidneys were severely damaged on 
both sides. The important point to be decided is 
whether the renal disease was primary or secondary. 

Going back to the initial event in the history, I 
do not believe I can ignore the story of a ruptured 
right kidney with gross hematuria and a positive 
pyelogram. Could this have been the of 
a Goldblatt hypertension? A split functional test of 
the separate kidneys before the malignant phase ap- 
peared might have helped in making this decision. 
Certainly, the only chance this patient ever had of 
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being cured of her hypertension would have been 
if luckily a single diseased kidney had been responsi- 
ble and had been removed before the terminal ill- 
ness. Braasch,“ of the Mayo Clinic, reports several 
cases due to ruptured kidney but it is interesting 
that he comments that the syndrome of Goldblatt 
hypertension more commonly occurs when a second- 
ary pyelonephritis has been set up in the damaged 
kidney. It appears to me that in the case under dis- 
cussion it was altogether likely that the patient had 
pyelonephritis on the right side at least, if not bi- 
laterally. 

Let me digress here a moment to mention a com- 
mon occurrence in hospital-treated patients with 
urologic disturbances — namely, the frequent de- 
velopment of pyelitis and pyelonephritis. Dr. Arnold 
Relman, in our hospital, is convinced that this is due 
to catheterization. Catheterization, no matter how 
carefully it may be done, cannot be an aseptic tech- 
nic. Infection is bound to be introduced into the 
genitourinary tract and possibly into the blood 
stream by this method. Undoubtedly, this young 
woman was catheterized frequently in the first hos- 
pital admission. Since she had a damaged and par- 
tially obstructed right kidney we know from the 
work of Mallory and his associates* that there was 
a good chance that pyelonephritis would develop on 
the damaged side. The patient had another attack of 
hematuria four years after the initial injury associ- 
ated with low-back pain with a familiar renal-colic 
radiation. She then had renal tenderness, and the 
urine sediment contained white cells as well as red 
cells. Pyelograms continued to show blunting of the 
calyxes of the upper pole of the right kidney. 

Later, the patient again had white cells and al- 
bumin in the urine, and this was associated with a 
history of ecchymoses. I have the feeling that the 
story of easy bruising and “thromb ” may 
be the “red herring” in this case. 1 om wondering if 
it could have been not a primary blood dyscrasia 
but a secondary purpura due to some medication 
such as sulfonamides, analgesics or sedatives for the 
relief of the pyelonephritis. Subsequent studies did 
not reveal any specific abnormalities of the blood. 
The tourniquet test mentioned later does not im- 
press me in a patient as ill as this one was. The 
chief laboratory abnormalities were in the urine and 
consisted of albuminuria, white cells and bacteria, 
which on culture were Staph. albus. As already 
mentioned, she then went into an accelerated phase 
of the disease. 

Did she have merely a unilateral renal disease and 
hypertension on the basis of a Goldblatt kidney? 
This is possible, but 1 think we should beware of 
attributing the whole course merely to the traumatic 
injury. As I have mentioned the evidence for pyelo- 
nephritis on the right was quite good, and there was 
also good clinical evidence that both kidneys were 
involved in some way. Whether or not the left kid- 
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ney was also involved by pyelonephritis, I can be 
certain that it became involved in the nephrosclero- 
sis that must have developed before death. Even 
Goldblatt animals develop hypertensive vascular 
disease of the “normal” unclamped kidney, and when 
the clamped kidney is removed the blood pressure 
returns to normal in only half the animals. The 
others may be assumed to have a continuation of 
hypertension because of the vascular disease present 
in the remaining kidney. If a Goldblatt clamp is 
removed from a clamped kidney, half these animals 
in time will have a return of blood pressure to nor- 
mal. The remaining hypertensive group can then 
be relieved of hypertension if the so-called normal 
kidney is removed but not if the previously clamped 
kidney is removed.‘ In this situation, presumably, 
the previously clamped kidney is actually the more 
normal, and the kidney that suffered from hyper- 
tension without the protection of the clamp the more 
diseased. 

As I mentioned at the outset the terminal course 
of the hypertensive disease in this patient and her 
age suggest that this was a renal and not an essential 
hypertension. Perera and Haelig,“ in New York, 
have described the characteristics of renal hyper- 
tension in a group of patients known to have had 
“renal” hypertension since they were all relieved of 
their hypertension after removal of a single diseased 
kidney. The patient under discussion resembled his 
group remarkably. The hypertensive disease in his 
group was characterized by a short, malignant 
course, high diastolic pressure, severe headache and 
retinopathy, including hemorrhages, exudates and 
papilledema. Infection was the commonest disease 
found in the kidneys of these patients. 

Without doubt cardiac dilatation aggravated the 
terminal downhill course. The rapid cardiac en- 
largement and development of systolic and aortic 
diastolic murmurs indicate a rapid progression of 
the hypertensive disease to which the heart could 


not adjust. She became uremic and anemic and 
finally had a cerebral accident, probably a hemor- 
rhage. 


My diagnoses are malignant hypertension due to 
primary renal disease arising from old rupture of 
the right kidney, and probable pyelonephritis on 
the right, a question of bilateral pyelonephritis; 
terminal malignant nephrosclerosis; hypertensive 
heart disease, with dilatation of the left ventricle; 
and hypertensive cerebrovascular disease, with left- 
sided cerebral hemorrhage. 

Dr. Atrrep Kranes: I wonder why Dr. Wilkins 
did not consider more seriously the possibility of 
glomerulonephritis with a history of hematuria, ele- 
vated blood pressure and albuminuria during one 
phase of the illness. 

Dr. WINS : Perhaps I should consider glom- 
erulonephritis more seriously, but then I should 
be ignoring the fact that the first hematuria appeared 
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after trauma. I think it would be more satisfactory 
to put all the eggs in one basket if I can. Obviously, 
there is no reason why the patient could not have 
had a traumatic lesion of the kidney followed by 
bilateral glomerulonephritis. 

Dr. Water Baux: The patient may have had 
the two diseases: a congenital anomaly of the right 
kidney and Schénlein-Henoch purpura. The clinical 
record states that she had muscle and joint pains; 
however, objective articular signs are not mentioned 
— if they had been present the disease picture could 
be accounted for by Schönlein-Henoch purpura. 
Whether one can make this diagnosis on the basis 
of the late renal changes is the question. 

Dr. Witkins: I think that is a possibility; I 
had considered that she had some type of blood 
dyscrasia. It seems to me that a good deal of at- 
tention was paid to that possibility clinically and 
also at her initial injury to the fact that although 
she had hematuria she did not have excessive or 
massive bleeding elsewhere even though she did 
sustain injuries to the arm and chest. Although she 
may have had a blood dyscrasia, I believe that would 
be dragging in another diagnosis, and J prefer to 
take the straightforward course. 

Dr. Baver: Young people may have two diseases. 
We once saw a youngster of fourteen who had been 
kicked in the side during a football game and who 
soon thereafter entered the hospital because of hema- 
turia and arthritis. We were unable to demonstrate 
renal injury as the cause of the hematuria. The 
finding of intracellular Neisseria gonorrheae in the 
prostatic smear and culture led us to conclude that 
the hematuria was a manifestation of an acute 
gonococcal urethritis and not of the injury. 

Dr. Witxins: That is a point well taken; both 
those possibilities could not be ruled out. 

Dr. Rosert S. Parmer: Before Dr. Wilkins dis- 
cussed this case I thought it was absolutely typical 
of primary renal hypertension. After his discussion 
I am even more sure of it. The real question to 
me, in view of the suggestive pyelogram taken at the 
time the patient was injured, is this: Was this peri- 
nephritis due to injury (like experimental cellophane 
perinephritis), with superimposed infection first on 
the injured side and later on the other side? I should 
disregard the family history. The implication of 
my question is this. Would anybody here have had 
the courage, knowing what we do about renal hyper- 
tension, to remove a kidney from a young girl with 
a blood pressure no higher than 160 systolic, 100 
diastolic, at the time when she was first seen? Do 
you think so, Dr. Colby? 

Dr. Fretrcner H. Cola: I do not know, Dr. 
Palmer. We have been conservative about this be- 
cause we have believed that in so many cases of a 
rising blood pressure with some renal disease we 
might be depriving the patient of so many nephrons 
that might be quite useful. In this particular case, if 


this was a Goldblatt kidney, it would have been 
important to have operated upon the patient when 
she had the ruptured kidney with definite pyelo- 
graphic findings. I assume that in such patients 
the extravasated blood and urine around the renal 
pedicle form scar tissue and eventually cause enough 
compression to produce a Goldblatt kidney. If that 
is true, it is essential to operate early on these pa- 
tients. At present, the tendency is to be much more 
conservative than we have been in the past. 

Dr. Jacos Lerman: I saw the patient during the 
final admission, when she was very sick and losing 
ground rapidly. The Service was of the opinion, 
in agreement with Dr. Wilkins, that she had malig- 
nant hypertension due to unilateral renal disease 
resulting from the traumatized right kidney (Gold- 
blatt kidney). It was thought that had we seen 
her a year or two previously we would have ad- 
vised a retrograde pyelogram and if this had re- 
vealed an abnormality of the right kidney we would 
have urged nephrectomy. 

Dr. Wirxins: I agree with Dr. Colby’s conserva- 
tive point of view; I think that all forms of so-called 
unilateral renal hypertension are so rare that im- 
mediate operation, except for definite urologic in- 
dications, is the wrong treatment on a percentage 
basis and that one had better be conservative and 
wait to see. I can only point out that we do know 
what happened eventually to this patient; we do 
not have to wait to see. For a while she was getting 
as much benefit from the therapy as that therapy 
might do on the average for 100 other hypertensive 
patients. I would certainly have been most reluctant 
to take out this patient’s kidney if she had had bi- 
lateral kidney disease. I do not want anyone to get 
the impression that there is a good argument for 
taking out a kidney in every patient like this. 

Dr. Parmer: The only ones that I know of that 
are really cured are young people around twenty. 
Did you mean exploration or removal in the early 
stage, Dr. Colby? 

Dr. Colav: I meant exploration and drainage of 
the kidney — not its removal. 

DiaGnoses 

Hypertensive cardiovascular disease. 

Encephalopathy due to arterial hypertension. 

Arteriolar nephrosclerosis, advanced stage. 

Malignant nephrosclerosis with oliguria. 
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Dr. Rosert Witkins’ Diacnoses 


Malignant hypertension due to primary renal dis- 
ease arising from old rupture of right kidney, 
and probable pyelonephritis on right. 

?Bilateral pyelonephritis. 

Terminal malignant nephrosclerosis. 

Hypertensive heart disease, with dilated left 
ventricle. 

Hypertensive cerebrovascular disease, with left 
cerebral hemorrhage. 


Anatomica, D1acnoses 

(Malignant hypertension), with necrotizing arteri- 
olitis, involving kidneys, severe, and adrenal 
capsule and pancreas. 

Renal atrophy, with scar, right kidney, upper 
third, secondary to trauma. 

(Fractured ribs and perirenal hematoma, eight 
years.) 

(Uremia.) 

Chronic pericarditis, uremic type. 

Myocardial hypertrophy, hypertensive type. 

Myocardial infarction, focal, subepicardial, acute. 

Pulmonary congestion and edema. 

Bronchopneumonia, focal. 


Patuo.ocicat Discussion 


Dr. CastLeman: At autopsy we found quite a 
disproportion between the size of the right and that 
of the left kidney. The left kidney weighed 160 gm. 
and showed many petechial hemorrhages and was 
quite red and slightly granular; its cortex was 
slightly decreased in size. The right kidney weighed 
only 65 gm.; its upper pole was markedly reduced 
in size, fibrotic and adherent to the diaphragm. The 
lower pole, which comprised a little more than half 
of this right kidney, was similar to the left kidney. 
All the renal arteries to the left kidney were per- 
fectly normal and patent. There was an anomalous 
artery going separately to the upper pole of the right 
kidney; although it was very narrow it was patent as 
far as the hilus. 

Microscopical examination showed that in this 
diseased upper pole all the tufts were completely 
scarred and atrophic; there were practically no 
tubules left. Many of the arteries were completely 
occluded — an appearance seen with disuse atrophy. 
In one section close to the hilus of the upper pole a 
large vessel demonstrated complete old thrombosis. 


.— 
un 
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I assume that this was a result of hemorrhage in 
and around the kidney and that there was enough 
pressure, perhaps as Dr. Palmer said, in the nature 
of an experimental cellophane constriction, on the 
upper pole of the kidney to produce thrombosis in 
that artery and, combined with pressure atrophy of 
the upper pole of the kidney, to cause complete 
atrophy of the upper pole. The left kidney and the 
remainder of the right kidney showed the typical 
picture of malignant nephrosclerosis, severe arteritis 
and necrosis of the vessel walls, especially of afferent 
arterioles, with extension into the tuft. These areas 
of severe arteritis were scattered throughout both 
kidneys but not in the scarred upper pole. We also 
found an occasional vessel in the pancreas and in 
the capsule of the adrenal gland that revealed this 
necrotizing arteritis. The heart was enlarged, weigh- 
ing about 400 gm., and contained a few foci of is- 
chemic necrosis. The lungs demonstrated the type of 
hemorrhagic edema that we see quite often with 
uremia. The parathyroid glands showed definite 
secondary hyperplasia, indicating that the patient 
had had chronic renal impairment at least for a few 
years. The brain was quite interesting. I shall ask 
Dr. Adams to describe that. 

Dr. Raymonp D. Apams: The brain was heavy 
and weighed 1480 gm. The surfaces of the cerebral 
hemispheres were flattened, with narrowing of the 
sulci and squaring off of the convolutions, and a 
horizontal section disclosed swelling. The lateral 
ventricles were almost obliterated. There was no 
tentorial or cerebellar pressure cone. There was 
slight atherosclerosis of the basilar and carotid ar- 
teries. We have seen only a few microscopical sec- 
tions thus far, and a necrotizing arteriolitis similar 
to that seen in the kidneys was found. Around the 
damaged arterioles there was necrosis of the tissue 
in small foci of 100 to 200 microns in diameter and 
petechial hemorrhages. Our impression at the 
moment is that there was a widespread necrotizing 
arteriolitis with brain edema and petechial hemor- 
rhages — which appears to be the pathological 
equivalent of hypertensive encephalopathy. But, in 
addition, there were the two softenings, one in the 
left parieto-occipital region, measuring about 2 by 
4 to 5 cm., and the other in the inferior part of the 
temporal lobe, for which we have no explanation as 
yet. Our other microscopical sections may enable us 
to determine the cause of these infarcts. 


CASE RECORDS OF THE MASSACHUSETTS GENERAL HOSPITAL 


I had seen this patient clinically and believed, as 
Dr. Wilkins did, that the patient had several neuro- 
logical conditions: first, hypertensive encephalop- 
athy as shown by the headache, the disturbance of 
consciousness and the high spinal-fluid protein; and, 
secondly, a sizable vascular lesion in the left fron- 
toparietal region, probably a small hemorrhage and 
thirdly, uremic encephalopathy. That clinical im- 
pression was only partly correct since no hemor- 
thage was found. The lateralizing neurologic signs 
were due to the infarcts in the left hemisphere. 

Dr. Castteman: Whether this small area of 
atrophy or infarction in the right kidney was the 
precipitating factor in the hypertension I do not 
think we can finally decide. This could only have 
been determined if that kidney had been removed 
and the patient had been relieved of the hyperten- 
sion. It is certainly suggestive that that was the 
mechanism. Some years ago Loomis,“ working in 
Jean Oliver’s laboratory, produced infarctions of 
the kidneys in rats. When she produced infarction of 
a part of a kidney, she noted that hypertensive 
changes were more likely to occur than if she pro- 
duced infarction of the entire kidney; she believed 
that the collateral circulation in the partially in- 
farcted kidney allowed the pressor substance to get 
into the blood. The case under discussion, in which 
there was infarction of about a third of the kidney, 
may have been the human counterpart. What is 
your opinion about that as the mechanism, Dr. 
Wilkins? 

Dr. WILXIxs: I should agree. Knowing the 
pathology, I am convinced that this was Goldblatt 
hypertension. If all the kidney is infarcted, Gold- 
blatt hypertension does not result. There must be 
some viability, some living renal cells, which ap- 
parently are not getting the proper source of circu- 
lation, to produce this form of hypertension. That 
does not mean that the cells are totally ischemic 
but that they are not receiving the proper sort of 
circulation. 

Dr. James H. Currens: I should like to raise the 
question whether the Goldblatt kidney is the right 
term to use here since the actual circulation to the 
pedicle was all right; only a small portion of the 
circulation of the kidney was impaired. I did write 
to Dr. K. G. Kohlstaedt, who was active in the 
work with cellophane and silk in the production of 
experimental renal hypertension,’ about this case; 
his comment was as follows: 


1119 


casions i 
kidney in the scar of perinephritis to produce a rise in blood 


occur. 
the cellophane method did not cause hypertension because 
of the constriction of the renal artery by the string tied about 
the base of the kidney. 


This, of course, may be a similar phenomenon, but 
the technic is different from the Goldblatt technic 
and it was Dr. Kohlstaedt's notion that lack of pulsa- 
bility of the kidney was the important feature in 
experimental renal hypertension produced with 
cellophane. 

I saw this patient five months before death and 
noted the early blurring of the optic-disk margins 
but, of course, did not realize that her condition 
would deteriorate so rapidly. She was advised at 
that time to return to the hospital for further ob- 
servation and declined to do so. 

Dr. Witxins: I think that Dr. Goldblatt would 
insist that this was Goldblatt hypertension. 

Dr. Baver: If you had seen this woman two 
years before her death, would you have removed 
the right kidney? 

Dr. Witxins: If I saw a patient like this again 
—I am a little smarter than I was before I dis- 
cussed this case — who had clear-cut evidence of 
injury with hematuria and hypertension, when the 
hypertension reached a considerable degree — a dia- 
stolic pressure of 130 or higher (which George 
Perera thinks is characteristic of his group of this 
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sort) — and before it became malignant, I should 
strongly recommend exploration; if this sort of con- 
dition were found, I do not think there would be 
any question about the operative procedure. 

Dr. Baver: It is of interest that the patient’s 
physician, on referring her to our hospital, called 
attention to the likelihood of renal injury and in- 
quired about the advisability of nephrectomy. After 
her first hospital entry he rightly asked whether 
this therapeutic possibility had been entertained and 
whether our diagnostic studies had ruled it out. 
If the doctor is here I wish he would review the 


case. 

Dr. Wittiam This patient had been 
studied in another clinic before I saw her; she had 
had numerous petechiae, and was found to have 
diminished platelets. The petechiae disappeared, 
and the number of platelets became normal. That 
is all we know about that episode. When she came to 
me, and I took her blood pressure, I knew that I 
could not treat her. I knew that diagnostic studies 
at my hospital would not be complete and would 
have to be repeated and supplemented at a larger 
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During our studies of production of hypertension by wrap- 
ping the kidney in cellophane we observed on several oc- . 
pressure. I remember one animal in which the cellophane 
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UNIVERSITIES AN D THEIR FACULTIES 

Tux current investigations of loyalty initiated by 
Congress have tended to confuse in the minds of 
teachers themselves as well as of the public the 
rights and the obligations of universities and their 
faculties. A statement of these rights and respon- 
sibilities was consequently adopted and published 
this spring by the Association of American Univer- 
sities, composed of an imposing list of 37 of the 
country’s leading institutions of higher education. 

This confused matter is especially important in 
the United States because of the prevailing thirst 
for knowledge and the unusual opportunities there 
are for gratifying it. Elsewhere there may be an 
equal thirst but less opportunity for its indulgence. 
The matter is especially important in this country 


EDITORIALS 


because of the tendency here to go to extremes; 
because of a political immaturity that demands 
quick and sometimes violent action lest a cooling 
off and the exercise of more sober judgment should 
diminish the apparent need for action. 

The pattern established by American universities 
is generally creditable. In them the “scientific, 
technological, medical and surgical advances of 
our time were born”; in them these disciplines 
have been nurtured and have developed. Their 
obligation is to search out and to reveal the truth 
wherever it may be found and however unpleasant 
it may seem. There can be no retrograde reasoning 
from a prefabricated conclusion back through a 
spurious line of investigation, as has been known 
to be the case with the politically controlled 
science of the soviets. 

The modern American university is an associa- 
tion of independently thinking scholars whose 
main requirements are that they must be capable 
in the pursuit of knowledge and in the communica- 
tion of it to others. It appears also to be a reason- 


able requirement that they must be loyal to the 


moral code, to the country and to its form of 
government. They must meet the obligations of 
citizenship if they are to enjoy its privileges. 

Academic freedom, then, may be interpreted as 
the right to investigate, criticize and present ideas 
“in an atmosphere of freedom and mutual con- 
fidence.” It does not relieve any teachers of the 
necessity of living within the law, but neither 
should it impose on them restrictions or penalties 
beyond those exacted of other citizens. There 
should be no regulation that requires or any threat 
that impels the scholar “to stand silent when 
he ought to speak, particularly in the field of his 
competence.” 

The greater the privilege, however, the greater 
the responsibility. The university guarantees stand- 
ards of intellectual quality, but as it implies en- 
dorsement of its members’ capability and integrity, 
it requires also of every scholar that he should 
maintain such a reputation. The candor and in- 
tegrity that the professor owes his colleagues are 
obligations “precluding any kind of clandestine 
or conspiratorial activities.” And the university 
itself, operating with special rights and exemptions, 
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owes to the state the duty of co-operation in up- 
holding the law. 

Freedom, independent nations are learning, is 
not a right but a privilege, and “ ‘academic free- 
dom’ is not a shield for those who break the law.” 
According to the statement of the Association: 


We condemn Russian Communism as we condemn every 
form of totalitarianism. We share the profound concern of 
the American people at the existence of an international 
conspiracy whose goal is the destruction of our cherished in- 
stitutions. The police state would be the death of our uni- 
versities, as of our government. Three of its principles in par- 
ticular are abhorrent to us: the fomenting of world-wide 
revolution as a step to seizing power; the use of falsehood and 
deceit as normal means of persuasion; thought control — 
the dictation of doctrines which must be accepted and taught 
by all party members. Under these principles, no scholar could 
adequately disseminate knowledge or pursue investigation in 
the effort to make further progress toward truth. 


At the same time the dangers of a reactionary 
fascism — another type of totalitarianism — are 
to be avoided at nearly any cost. The university 
teacher certainly should be entitled to no special 
privileges under the law; neither should he — or 
any other citizen —. be subject to special discrimina- 
tory persecution. 


FURTHER PHARMACEUTICAL FACTS 

A LETTER published elsewhere in this issue of the 
Journal from the postmaster in charge of public 
relations in the Boston district calls attention to 
a situation that is, in a way, complementary to 
the one mentioned in last week’s editorial, “Pharma- 
ceutical Fact and Fancy.” This situation is the 
thoughtless disposal of drug samples in public waste 
receptacles by physicians. Both communications 
relate to the use or misuse of active and conse- 
quently potentially dangerous drugs. The editorial 
refers to the occasional lack of discrimination in 
their employment; the letter implies a lack of 
care in their disposal that seems hardly attributable 
to physicians. 

The physician is at all times a guardian of the 
public health; it is an obligation he has assumed 
with the acceptance of his degree, and he cannot 
escape from his responsibility even if he would. 
Obviously, the placing of completely unnecessary 
hazards in the public way represents a form of care- 
lessness that needs to be brought to the individual 
physician’s attention but once. 
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Any discussion of the subject raises a more funda- 
mental question in relation to the whole pernicious 
custom of the widespread distribution of unsolicited 
samples by the manufacturers of pharmaceutical 
products. These concerns must be well aware that 
the majority of their elaborately packaged offer- 
ings go into waste receptacles, public or private, 
and that the cost of this extravagance is borne 
by the legitimate consumer. A relatively small 
percentage of these samples is collected by charitable 
agencies and sent to needy institutions at home or 
abroad. 

Let the suggestion be made here that the manu- 
facturers will serve a triple purpose by giving 
directly to charity each year, economically packed 
for shipment, the same proportion of their products 
that is now distributed blindly, and send samples 
to physicians only on request. They will thus 
contribute usefully where the need may be greatest, 
effect a saving that might logically reduce the price 
of the product to the patient, and help to keep 
potentially dangerous drugs out of the waste- 
baskets of the nation. 


REMEMBERING THE ALAMO 

Tue history of Texas is part of the record of 
American independence. First visited by the 
Spanish when Cabeza de Vaca landed on its shores 
in 1528 — although not permanently settled until 
1682 — what was later to become the Lone Star 
State remained part of Mexico for a century and a 
half. Then came its war of independence, with the 
Alamo as a rallying cry, and the establishment of 
the republic in 1836 under the presidency of Sam 

In 1845 Texas accepted statehood, and only eight 
years later—a century ago as time flies — the 
event took place appropriately in the Methodist 
Church in Austin on January 17, 1853, when 35 
physicians from various parts of the youthful state 
met for the purpose. The present membership 
of the Association is over 6500 — approximately 
that of the Massachusetts Medical Society — but 
the auxiliary, of 4500 wife power, is more than 
double that which the Bay State can yet boast, as 
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well as being some thirty years older (as an or- 


ganization). 


The Texas Medical Association met again in 
November, 1853, and then, for reasons unknown 
but possibly related to the vast geography of the 
region, suspended operations until 1869. A co- 
hesive factor in the present century has been the 
outstanding Texas State Journal of Medicine, now 
in its forty-ninth volume, the May number of 
which has been devoted to the centennial. 

The New England Journal of Medicine salutes 
the new centenarian among medical societies — 
its membership, its auxiliary and its journal. 


The New York Medical Gazette states that 29 
suicides, 5 murders and 209 cases of insanity 
are directly traceable to spiritual manifestations 
as the cause. 

Boston M. & S. J. June 29, 1853 


DEATH 
Bitt — José Penteado Bill, M.D., of Boston and Wayland, 


died on June 8. He was in his seven year. 
Dr. Bill received his degree from Harvard Medical School in 
1916. He was assistant professor of public health and i 
medicine at Boston University School of Medicine. was a 
fellow of the American Medical Association and a member of 


the American Health Association. 
He is survived by his widow and two daughters. 


CHUSETTS DEPARTMENT 
OF PUBLIC HEALTH 


LABORATORIES APPROVED FOR DIAGNOS- 
TIC SEROLOGIC TESTS FOR SYPHILIS 


For convenient reference, the forty-three labora- 
tories approved for standard tests for syphilis to 
August, 1954, are listed below. Legally, only these 
laboratories and the Wassermann Laboratory of 
the Department of Public Health may perform the 
premarital and prenatal blood tests required by law. 

The Wassermann Laboratory, at 281 South Street, 
Jamaica Plain, is the only laboratory in Massa- 
chusetts whose reports for premarital purposes are 
recognized in other states. 


MASSACHUSETTS DEPARTMENT OF PUBLIC HEALTH 


Location 


Attleboro 
Ayer 
Boston 


_ Lasoratory 
Sturdy Memorial Hospital 
Community Memorial Hospital 
Boston Dispensary 
Boston Health Department 
Commonwealth Clinical Laboratory 


Norwood Clinical Laboratory 
Hillcrest Hospital 
Pittsfield 


CONSULTATION CLINICS FOR CRIPPLED 
CHILDREN IN ETTS 


MASSACHUS 
and August schedule of the Consultation Clinics 
for Cripple Children in Massachusetts is as follows: 
Ortuorgpic Darn Cumc ConsuLTant 
Salem 6 Paul W. H , M.D. 
Gardner 197 Carter R. Rowe, M.D. 
Haverhill uly 8 William T. Green, M.D. 
Brockton uly 9 George W. Van Gorder, M.D. 
Lynn“ uly 13 Daniel M. Killoran, M. D., and 
uly 18 Jt. M.D 
Pittsfield ard J. r., 
orces ter 17 ohn W. O’Meara 
Sp ingfield 21 Fisher, M.D 
yannis uly 23 ul L. Norton, M.D. 
Greenfield 6 Charles L. Sturdevant, M.D. 
Lowell August 14 Albert H. Brewster, 
Fall River August 24 David S. Grice, M.D. 


1123 
Leary Laboratory 
Massachusetts General Hospital 
Massachusetts Memorial Hospitals, Genito- 
Infectious Disease Clinic 
Brockton Brockton Health Department 
Brookline Sias Laboratories 
Cambridge Mount Auburn Hospital 
Clinton Clinton Hospital 
Fall River St. Anne’s Hospital 
Union Hospital 
Fitchburg Burbank Hospital 
Gardner Henry Heywood Memorial Hospital 
Great Barrington Fairview Hospital 
Greenfield Franklin County Public Hospital 
Holyoke Holyoke Hospital 
Providence Hospital 
Lawrence Lawrence General Hospital 
Lowell Lowell General Hospital 
Montague Farren Memorial Hospital 
New Bedford Burt Clinical Laboratory 
St. Luke’s Hospital 
North Adams North Adams Hospital 
MASSACHUSETTS MEDICAL SOCIETY Norwood : 
— 
St. Luke’s Hospital 
Quincy Quincy City Hospital 
Salem Salem Hospital 
Springfield Mercy Hospital 
Springfield Hospital 
Stoneham New England Sanitarium and Hospital 
— Taunton Morton Hospital 
Tewksbury Tewksbury State Infirmary 
Waltham Waltham Hospital 
Worcester Worcester Health Department Laboratory 
St. Vincent Hospital 
Worcester City Hospital 
Worcester Hahnemann Hospital 
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Physicians ing new patients to clinic should get in touch 
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DISEASES IN 
MASSACHUS FOR MA 


ont 


2579 

11 

1977 

„ 

Menineitie 6 
7 
— 


i 


month 


Grocnaruical DistrisuTion or Certain Diszaszs 


Boston, 3; Leominster, 1; Newton, 1; 


1. 
Diphtheria: Boston, 1; Chelsea, 1; Sudbury, 1; total, 3. 


— 1; Holyoke, 
eedham, 1; 


M 

Meningitis, meningococcal: Boston 4; Brockton, 1; Douglas, 5 

; Foxboro, I; Haverhill, 1; New Bedford, 1; 1 
1:8 ield, 1; Worcester, 1; total, 14. 

feningitis, Pfeiffer bacillus: Beverly, 1; Boston, 1; Holyoke, 

[eningitis, pneumococcal: A in 1; Waltham, * 


eningitis, mumps: ; > 
Meningitis, undetermined: Amesbury, 1; Cam 1; 


Chariton, 1; „ 1; Winthrop, I; total, 5. 
1: Bera 8 
; tts ; * 
Salmonellosis: Arli Boston, 1: Chicopee ; Ludlow, 
; wd, 2; Revere, I; 1; Westboro, 

Trichinosis: Cambri 2; 1; New Bedford, 1; 
Williamstown, 1; total, 5. 

id fever: Clinton, 1; Weymouth, 1; Worcester, 1; 


CORRESPONDENCE 
NORFOLK DISTRICT IN MEDICAL EDUCATION 


mitted of done in 

during the current year in financial support of medical education. 
An American ical Education Foundation Committee 

was nized the chairmanship of the u i 


schools. halett was other 
members of the Society, each undertook to canvass the 
alumni of his own 3 
1953, 274 mem- 
bers of Norfolk, or 25 per cent of ip, had made some 
sort of contribution either to their own funds or to the 


— ee Education Foundation since July 1, 1952. All 
mem Society were approached, by personal contact, 
telephone or letter. 2 


Pan- 
canTace 


niversity of Virginia ......... 5 
University ......... 


lew Yo 
umbia University .......... U 
ni versity of Pennsylvania .... 


. 


Canadian schools 
ther schools in United States 3 
Foreign schools 


an indication. It will be interesting to how other district 
societies have fared in this regard. 


the Editor: I have recently been much amused by the re- 


4. 


FREE 
t 
74.41 
1211 

Ls 4 


Rueumatic-Fgver Ciu mic Dates throp, 1; Worcester, 26; total, 101. 
Fitchburg J 1, 8, 15, 22, 29 
North Reading uly 7, 14, 21, 28 ' , 
Prastic Cuinic ConsuLTANT 
Eastern Massachusetts Bradford Cannon, M.D. 
Semi-monthly 
Western Massachusetts Joseph M. Baker, M.D. 
Monthly 
are seen by appointment only. 
Mar 
Disgase 1953 
total, 5. 
To the Editor: For information an informal is sub- 
P. Stu | ox | 
. Sturgis, representi ton University, Tufts a 
respectively, and Dr. lan . Sha presenting all othe 
*Includes streptococcal sore throat. 
tFour-year median. 
ComMENT 
The diseases below the seven-year median were diphtheria, — — co as 1 
measles, scarlet fever and whooping cough. ° Noarouk 
Three cases of diphtheria were reported in May. This brings Distaict 
the total number of cases for the twelve months since June l, 1” 
1952, to only 14, a remarkably low figure. 63 
figure by far for this month in istory is state, the seven 
last year left few children to catch measles. Boston University ............ 1065 28 
The diseases above the seven-year median included chicken IHA... 463 15 
pox, — measles, meningococcal meningitis, mumps and University of Vermont |. 9 i 
poliomyelitis. 
Although the incidence of chicken was high, for the first 2 
time in six months.a new high —＋ wes not established. 7 
Meni meningitis was at the highest level since 1945. — 
It is impossible to know whether this is a good, bad or in- 
named; 
Dysentery, bacillary: 
Walsham, I; total, 8. MORE ON PLANTAR WARTS 
Encephalitis, infectious: Lynn, 1; Newton, 1; North Adams, To 
Hepatitis, infectious: Attleboro, 1; Auburn, 1; Belchertown, now 
13; — 11; Boylston, 2; Brookline, 2; Cambridge, 1; 
Chi th, 1; Fitchburg, 1; Fort Devens, 
1; 3; yy 6; Lowell, 2; 
Oxford, 2; Plymouth, 1; * 2. Sharou’ 1;'Shrewsbury, 1; 
1; Bomerville, 1; Spriagheld, 4; Westboro, 1; Win: 


BOOKS RECEIVED 
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one on a — 2 locations 22 h is = — Nr clinical 
gence, with simple injection ma arra and is 

n efficient local a The fi ch consider electroca 

and fulguration, I do and the rocardiogram, are f 
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